fiis% 2. HARAEE 13T ARAEH B EERAER. X
MR TARGE 4R AR HENRGER . BORZE. BAEES
M, HAXNARERBCH A GREEE KR!

Attachment 2: Thirteen studies by Chinese conscience scholars reveal
that glyphosate damages protein and lipids, causes cell apoptosis and
necrosis, shows obvious damage to liver cells, is mutagenic, causes
reproductive toxicity, and has strong ability to cause birth defects!

C-I=t an

Summary of Main Points

1) SpEEER (1996): EHBSHER NN GEAIRAERE
L . EASERLO VRS ARZIMRBIESHERRENTESX;

1) Wu Hui-giong (1999): Glyphosate and test rat “Liver microsomal protein
content decreased significantly ... protein content reduction might be associated
with protein synthesis ability reduction caused by impaired liver cell damage.”

2) BRESRF (2000): MREEAFAENIREFRGIER"
2) Geng De-gui et al. (2000): Causes obvious genetic damage to yellow

eel”

3) EgMERA (2001): AEREEHBEZ XMLk RO L 4Pt
EMEREERHF—EREENXN

3) Nan Xuyang (2001) Different concentration of glyphosate “causes certain
degree of effect on RBC micronucleus rate and the rate of nuclear anomalies of
toads”

4) EgfBPA (2002): Xtifl&pMmLIER . LB B AR NE
X

4) Nan Xuyang (2002): "causes rather large effect on Crucian carp hemoglobin,

red blood cells and white blood cells, with rather obvious time duration effect.”

5) FMMBFESF (2003): XRMABF—ENEEFM"
5) Nan Xuyang et al. (2003): “causes certain degree of biological toxicity to
loaches”.




6) RHHSF (2008): S NERABEEBEMHAF—ENBRE
{ER

6) Kang Jufang et al. (2008): *““causes reproduction toxicity to mice with a
certain mutagenic effect”.

7) E3E (2008): gES|E ARG ER T AMRREEMEHE
o AVHIZRBEES FH51E, 54 DNA 5, et B e P2, Ccyt C. AIF
AT E TR, SE e = A A T FNiR T, X AT 4R R R B B 045 1
H.

7) Wang Fei (2008): “Can lead to liver cell survival rate decrease, cell
membrane permeability increase, inhibit cell ion transport, induce DNA damage,
mitochondrial membrane potential decreased, leakage of Cyt C, AIF apoptosis
factors, causes cell apoptosis and necrosis, obvious damage to liver cells”.

8) | (2010): AIS|E/DERBEFHERMD . BFHAREM,
UKEMEZEMENEEBNHE RN TR, BRRENESE /MR AFHAIER
HEBHER.

8) Huang Ting (2010): Could cause mice sperm number reduce, sperm deformity
rate increase, epididymis and testis weight and coefficient decline, suggesting

Roundup causes obvious reproductive toxicity in male mice”.

9) FF (2010): EHBGIEEREABHAE—ENAM
=
9) Li Qiao et al. (2010): “Glyphosate causes certain acute toxicity to sea urchin

embryos during different phases of development”.

10) BHF (2011): EHERERR DR SMELEN RGE
HRMBER EREHNE LR, SB SRR E.

10) Zhao Wei et al. (2011): “Glyphosate can reduce total antioxidant capacity,
damage protein and lipid, cause oxidative damage of the body, cause development
of various diseases”.

11) gIEF (2012): EHEXN/ MRABSEESYHAES—EN
BRT(ER
11) Yu Hui et al. (2012): “Glyphosate causes reproductive toxicity to mice and
has certain mutagenic effect”.




12) HAE (2014): F5T3RAA,60-180 mgeL-1 JREBEH X Gc-1
MR R NRGIER ANGITREREH S SE UM, S A
IHIEMEHE AN DNA 5.

12) Zeng Ming et al. (2014): *"The study indicates, 60-180 mg-L-1
concentration glyphosate causes obvious damage to GC-1 cells, its
mechanism might be oxidative stress induced by gyphosate, leading

to cell permeability increase and DNA damage.""

13) BICLTE (2013): BHBEXT/NR sertoli AIRE—E R H M,
B S MBI RN 4nAaiEsE, B S H T 2N m, 5 E/ERAE
Y #ES; R BEHIHI ABP FI 2B H mRNA HIFRIA

13) Zhao Wenhong et al. (2013): "Conclusion: Glyphosate causes
certain toxicity to mice sertoli cells, can induce cell apoptosis and inhibit
cell proliferation, and the harm increases with glyphosate dosage
increase; At the same time can inhibit the expression of ABP and wave
shape protein mRNA."

1) SR T, TH BT R 40 5 3 P450 2B1 F1 P450 2C11 £ R FR L FIFM, (T
AEEHARRE) 1996 A 10 B 4 1, 231-234 71

VR SR B EAL . A GFERLR A AL A B A S B F % )
1) Wu Hui-giong, Glyphosate impact on rat cytochrome P450 2 B1 and P450 2 c11
gene expression, Health Toxicology Journal, 1996 10(4): 231-234 [Chinese]
(Organization: Environment Toxicology Research Section, Public Health College,
Wuhan Tongji Medical University.)
http://www.cnki.com.cn/Article/CJFDTotal-WSDL604.004.htm

2) WKPEDTEE, BREFMARLN EERRAMERI I, (AR 24 (5 AR
%)) 2000 4 02 #A

2) Geng De-gui et al., Study of Herbicide Roundup impact on yellow eel mutagenic,
Journal of Xuzhou Normal University (Natural Science Edition), 2000(2)
http://www.cnki.com.cn/Article/CJFDTotal-XZSX200002018.htm

3) FESEPH, BR8] 1 2T 40 M A A S R ). e
WRZ SR HARFIEM, 2001, 24(4): 329-331.
3) Nan Xu-yang, Impact of glyphosate herbicide on carp peripheral blood erythrocyte



http://www.cnki.com.cn/Article/CJFDTotal-WSDL604.004.htm
http://www.cnki.com.cn/Article/CJFDTotal-XZSX200002018.htm

micronucleus and nuclear anomalies, Journal of Anhui Normal University (Natural
Science Edition), 2001,24(4): 329-331 [Chinese]
http://www.cqvip.com/qk/97138X/200006/4887295.html

4) FEHERH, R B B R £ A0 A 2D R R AT, HOR R R,
2002 (4)

(BLHRALAL . WL IR M YE 7 B A ) S AR 7 R)

(Organization: Biology & Environment Science Dept., Zhejiang Wenzhou Normal
College)

4) Nan Xu-yang, Study of impact of glyphosate herbicide on carp blood cells and
hemoglobin, Gansu Science, 2002(4)
http://www.cnki.com.cn/Article/CIFDTotal-GSKX200204015.htm

5) FMERH, skHES, sEoNE. BRENC FEHBY XSV S 40 R sE ], iR
TWEARE 2R EAREIARR, 2003,24(2):72-74 FRERHURY: S5 H TV 24 e A= 4 5 25
SRk b

5) Nan Xu-yang et al., Impact of glyphosate herbicide on loach white blood cells,
Journal of Wenzhou Normal University: (Natural Science Edition), 2003,24(2): 72-74
[Chinese]

http://www.cnki.com.cn/Article/CIJFDTotal-WZSF200302019.htm

6) HEAH RIS etal., FHBES /N AERAANERIFIT (AR RAL),
2008 5 03 #)

6) Kang Ju-fang et al., Study of glyphosate effect causing mutagenic on rats,
Carcinogenesis, Teratogenesis & Mutagenesis, 2008(3)

http://www.cnki.com.cn/Article/CJFDTotal-ABJB200803018.htm

7) E3E, Rk a1%EH BN A 102 R4 45 9T 5T (R KA 1830 2008
7) Wang Fei, Study of Roundup 41% causing damage to human L02 liver cells,
Master's thesis, Zhongnan University, 2008
http://cdmd.cnki.com.cn/article/cdmd-10533-2008165795.htm

8) THUE, AT MENEAE TEAN M B A ] S AL R AE BT T, TR R (A
11830 , 2010

8) Huang Ting, Preliminary study of Roundup’s toxicity effect and mechanism on
male reproductive cells, Master's thesis, Zhongnan University
http://cdmd.cnki.com.cn/Article/CDMD-10533-2010187394.htm

4 CEERE: http://www.doc88.com/p-974197814056.html



http://www.cqvip.com/qk/97138X/200006/4887295.html
http://www.cnki.com.cn/Article/CJFDTotal-GSKX200204015.htm
http://www.cnki.com.cn/Article/CJFDTotal-WZSF200302019.htm
http://www.cnki.com.cn/Article/CJFDTotal-ABJB200803018.htm
http://cdmd.cnki.com.cn/Article/CDMD-10533-2010187394.htm
http://www.doc88.com/p-974197814056.html

9) B etal., 8FH WALNHEIHMG S KB IR, ASEH AR,
2010(2)

(WL RIEHFAE RS AR /K 7 18 IR T 2 5 AE M HOR B R T IR S 36 )
(Organization: Marine Fisheries Aquaculture & Key Laboratory of Biotechnology,
Dalian Marine University and Ministry of Agriculture)

9) Li Qiao, et al., Acute toxicity of eight types of pesticides to sea urchin embryos
during different phases of development”.
http://d.wanfangdata.com.cn/Periodical cyyhj201002014.aspx

10) &M, W T, RIEEE, & EHBESUNRAVREASDIE R R L.
HE g E, 2011,25(5):364-366

10) Zhao Wei et al., Study of oxidative damage of the body caused by glyphosate,
Toxiology Journal, 2011,25(5):364-366 [Chinese]
http://www.cnki.com.cn/Article/CJFDTotal-WSDL201105013.htm

11) B 5 VLI A S AL B H IRk 1 A I BF 3k e (0] Mk 152 2 7 B 774152012 4 06
]

11) Yu Hui et al., Progress in study of glyphosate toxicity, 2012(6) [Chinese]
http://www.cnki.com.cn/Article/CJFDTOTAL-BANG201206050.htm
http://www.doc88.com/p-666125982792.html

12) B, miFS, FEHPEXY GC-1 /)RR IRANM B LA E I e N- B It R
TN, AASFE R, 2014 4F 01 1

12) Zeng Ming, Huang Ting et al., Glyphosate toxicity to mice GC-1 sperm cells and
the interference effect of N-acetyl cysteine, Ecological Toxicology Bulletin, 2014(1)
[Chinese]

http://www. cnki. com. cn/Article/CJFDTotal-STDL201401031. htm

[EF ALY g R AL DA f TAE R A R VD T Ty 428 i v
B A

Author's organization: Hygene Toxicology Dept., Public
Health College, Zhongnan University; Changsha Disease

Prevention & Control Center

(EHBALY - SRR EBETPT R R TR 5 B b A A 0T = 0
R R 2 e 5 — P I = B RIS


http://d.wanfangdata.com.cn/Periodical_cyyhj201002014.aspx
http://www.cnki.com.cn/Article/CJFDTotal-WSDL201105013.htm
http://www.cnki.com.cn/Article/CJFDTOTAL-BANG201206050.htm
http://www.doc88.com/p-666125982792.html

Author organization: Nutrition & Food Hygene hygiene section,
Preventive Medicine Dept., Banpu Medical College; Anesthesia Dept. of
No.1 Hospital attached to the Bangpu Medical College.

13) BRASCZL s, BN R A SO T R A
HH. WIEEHA mRNA RIEHH, BI7ERKFESER, 2013 4 11
]

13) Zhao Wen-hong, Yu Hui et al., Glyphosate's effect supporting cell
apoptosis and expression of androgen binding protein, wave shape protein
MRNA, Southern Medical University Bulletine, 2013(11)
http://www.cnki.com.cn/Article/CIJFDTotal-DYJD201311033.htm



fifsx 3: ESMEE AR IEH BT H R EUR S =
B DNA 65, B, BORAR. JAEEFME. BOR™ 46 TR AR
UESE !

Attachment 3: Forty six studies by overseas scholars found that
glyphosate or glyphosate formulated herbicides cause cell toxicity, DNA
damage, teratogenic, mutagenic, and reproductive toxicity, along with
miscarriage!

Summary of Main Points

BHAEYE 1 Kale, PG et al,, (1995 4E): B HBEBREFRIRAES LR
B 5 2% R R BRSP4 i P S R

1) Kale, P.G. et al, (1995): Roundup and others total nine herbicides
and pesticides were tested for their mutagenicity using the Drosophila
sex-linked recessive lethal mutation assay. These are Ambush, Treflan,
Blazer, Roundup, 2,4-D Amine, Crossbow, Galecron, Pramitol, and
Pondmaster. All chemicals induced significant numbers of mutations in at
least one of the cell types tested.

RHAIEYE 2 Yousef Ml et al. (1995): BHBHERLWAAE. 1K,
SRR BTIRESEG T, BERTRENERZIEAEF4%E
KR, T ELF BRI DU ] BE R B H B R T B AR B 4 s 4,
0/ B8 e 0 5 ] TR R AL . T B SR i X R .
2) Yousef MI et al. (1995): Two sublethal doses of Carbofuran
(carbamate insecticide) and Glyphosate (organophosphorus herbicide)
treatment resulted in a decline in body weight, libido, ejaculate volume,
sperm concentration, semen initial fructose and semen osmolality. This
was accompanied with increases in the abnormal and dead sperm and
semen methylene blue reduction time. The hazardous effect of these
pesticides on semen quality continued during the recovery period, and




was dose-dependent. These effects on sperm quality may be due to the
direct cytotoxic effects of these pesticides on spermatogenesis and/or
indirectly via hypothalami-pituitary-testis axis which control the
reproductive efficiency.

RBHEUEYE 3 Savitz, D.A. etal. (1997): —EFhARZG (Ffphod, &
BB BB, 24-—HRACRERBH) L ETXEEE, RE
Xt B B VPAL R R, V3 BhARR o L AR 5 A YA 7= A B 1) 55 4 Ak
BE—B PPl .

3) Savitz, D.A. et al (1997) A variety of chemicals (atrazine,
glyphosate, organophosphates, 4-[2,4-dichlorophenoxy] butyric acid, and
insecticides)... Based on these data, despite limitations in exposure
assessment, the authors encourage continued evaluation of male
exposures, particularly in relation to miscarriage and preterm delivery.

RHEIEYE 4 Claudia Bolognesi et al. (1997): ZEZWAFF S, EHH
FIAIE RFEE S B, ARSI T, X% DNA $it
HRAAKEM, KARMENITERT K. . EERAES
RE, WERREC 5 H7 RS B HE R S H BT DNA BaElT
# 5 8-OHAG &ML DNA Hi5iEsh i 54 ek i B & i . By
7 B ZE R B IS ) S 3

4) Claudia Bolognesi et al. (1997) :In this study, the formulated
commercial product, Roundup, and its active agent, glyphosate, were
tested in the same battery of assays for the induction of DNA damage and
chromosomal effects in vivo and in vitro. ... A DNA-damaging activity as
DNA single-strand breaks and 8-OHdG and a significant increase in
chromosomal alterations were observed with both substances in vivo and
in vitro. A weak increment of the genotoxic activity was evident using the
technical formulation.

FISAEHE 5 Lioi, M.B. etal. (1998): XEEHBE. vinclozolin. Fi4h:




AT T . ABAHISERFET, WKM7
B
FSHEMME SCE 403 in .

5) Lioi, M.B. et al. (1998)The pesticides gliphosate, vinclozolin, and
atrazine have been studied ... In our experimental conditions, each
chemical compound tested produced a dose-related increase in the
percent of aberrant cells and an increase of SCE/cell.

FHAUESE 6 Peluso M. (1998): ARFFTRH, KREF LAFE R/ RHHF
FEFRAARAE KIS 5 DNA IEWHRB . 2/ RFEHUERN
RiZAHR DNA &Y R EFRBFIEWE S (600 mg/ky) &HN
3.0 +/- 0.1 (SE)5 1.7 +/- 0.1 (SE) M&#/10(8) BHERR. FikiERH
DNA &Y 5HRER R EHBELR, 5877 Hl7RE R E 1
AI =PRI E R

6) Peluso M., (1968) :Roundup is able to induce a dose-dependent
formation of DNA adducts in the kidneys and liver of mice. The levels of
Roundup-related DNA adducts observed in mouse kidneys and liver at
the highest dose of herbicide tested (600 mg/kg) were 3.0 +/- 0.1 (SE)
and 1.7 +/- 0.1 (SE) adducts/10(8) nucleotides, respectively. The
Roundup DNA adducts were not related to the active ingredient, the
isopropylammonium salt of glyphosate, but to another, unknown
component of the herbicide mixture. Additional experiments are needed
to identify the chemical specie(s) of Roundup mixture involved in DNA
adduct formation.

FRHEIEIE 7 Peggy J. Perkins at el. (2000): 438 FH JEUN Tk e 5 R B0
FEAER FETAX 7347, WEBRIEEHXRFEMR (POEA) HIFEH,

B D 7 Rk (S RTEIEMEF POEA) 5 Rodeo (B H BERREEF,
TREEMR POEA) HIFME. XPBIEE (LC50) #HATHERHA
Fic 5 i ) Sk B B8 Rodeo f 700 £, X EMEF POEA XT3E
WS ER R #4T T A RIRE, SRKAKER POEA K¥XEE




(LC50) REEHRIEEL Rodeo [HIIK, A POEA [H#EEPETE K. 7%
BEAT B8 22 a6, ER R SRR TV A 771 SR XS T 7 1 7 AR ik B K Y
AT XA R BB ERA KRB RENERBAN T ESEH B
gL

7) Peggy J. Perkins at el. (2000) Comparative toxicity of
Roundupt and its surfactant polyoxyethyleneamine (POEA) to Xenopus
laevis, and comparing Roundup formulation and the Rodeo formulation
(with no surfactant POEA), using Frog Embryo Teratogenesis
Assay—Xenopus (FETAX). A comparison of LC50 concentrations
indicated that the Roundup formulation of glyphosate was 700 times as
toxic as the Rodeo formulation. Even though a limited number of tests
were performed to evaluate the effects of the surfactant POEA on X,
laevis, each test showed a lower LC50 value for POEA alone than for
either Roundup or Rodeo. More studies are needed, but it seems likely
that the surfactant itself is responsible for the greater toxicity displayed
by the Roundup formulation of glyphosate. It seems less likely that the
greater toxicity is due to enhanced uptake of glyphosate by the embryos.

FBHEIEHE 8 Walsh, L.P. etal. (2000 4F): 45, RiLBTHREREE
AR AT EE (StAR protein) FRixH EEFRBO T EALNEFH
g P SR B AR B FE BTH A 2 TN 5T I SR B R 6 U T
W EBENR ERE—PER. RERERDRE R G
X R B R B P R 20 HE IR TR 2R B A B, R A RIB L 7 Hh 2= 2
BERFEASI PR RTIRREERR G B BT RENET 6K
%, REH— P FRRR R LT A > KT PRE R A B
AR

8) Walsh, L.P. et al. (2000): In conclusion, Roundup disrupted
steroidogenesis in Leydig cells through a post-transcriptional reduction in
StAR protein expression. The use of StAR as an end point in studies
concerning endocrine disruption merits further consideration. Although
Roundup decreased steroidogenesis, the active ingredient of this




herbicide, glyphosate, did not alter steroid production, indicating that at
least one other component of the formulation is required to disrupt
steroidogenesis. Because the formulation of Roundup is proprietary,
further studies are needed to identify the components in Roundup and
their ability to disrupt steroidogenesis.

RHEIEYE 9 Daruich, J. et al. (2001): SHRZFF. 0550 S 5SS
HIBEFE, SR H B R R 5 AP IE RS AR 2R .

9) Daruich, J. et al. (2001)We determined the effects of these
compounds on the levels and activities of the P450scc enzyme (which
converts cholesterol to pregnenolone) and the 3beta-hydroxysteroid
dehydrogenase (3beta-HSD) enzyme (which converts pregnenolone to
progesterone). Of the pesticides screened, only the pesticide Roundup
inhibited dibutyryl [(Bu)(2)JcAMP-stimulated progesterone production in
MA-10 cells without causing cellular toxicity. Roundup inhibited
steroidogenesis by disrupting StAR protein expression, further
demonstrating the susceptibility of StAR to environmental pollutants.

FBHEIEHE 10 T E Arbuckle et al. (2001): ZpT#:fb i H BRI =
T JE o™ B X, 2 )5l B HBRRR BT W SR B R =A< .

10) T E Arbuckle et al. (2001) For late abortions, preconception
exposure to glyphosate (OR = 1.7; 95% CI, 1.0-2.9), ... was associated
with elevated risks. Postconception exposures were generally associated
with late spontaneous abortions.

AZEIEYE 11 Marc J et al. (2002): fEE B, RiEBETEH B X
HIFIH 3 R RN FEIR COK V4 ARAE B B HiEsh R w40 i 4
KEAH. BRI A FYH P COKULIH AR 3 B VAHI 28 KR,
BAVFREEEH B 5 R NSRRI 2.

11) Marc J et al. (2002): Roundup delayed the activation of
CDK1/cyclin B in vivo. Roundup inhibited also the global protein




synthetic rate without preventing the accumulation of cyclin B. In
summary, Roundup affects cell cycle regulation by delaying activation of
the CDK1l/cyclin B complex, by synergic effect of glyphosate and
formulation products. Considering the universality among species of the
CDK1/cyclin B regulator, our results question the safety of glyphosate
and Roundup on human health.

AEEIEYE 12 Dallegrave, E. et al. (2003): ZWiHF 5T B FETPAG B H BERS
B (EETREALED X Wistar KR IFSEIE M. W5 6 2
15 K& H B 500, 750 B 1000 mg/kg 7K VAR I IRZE TR 22 B, . 45 5
7~HH 1000 mo/kg BH AL EE A R FRAET- %08 50%. S5XREAAAHLL,
500. 750 5 1000 mg/kg FH AL EE B AR ) LA W22 3] 15.4%. 33.1%-
42.0%5 57.3% MG )L BB R . AR DAGE 18 B BERR R R A
XRBIBER T IRILEE K EIES.

12) Dallegrave, E. et al. (2003) The aim of this study was to assess
the teratogenicity of the herbicide glyphosate-Roundup (as
commercialized in Brazil) to Wistar rats. Dams were treated orally with
water or 500, 750 or 1000 mg/kg glyphosate from day 6 to 15 of
pregnancy. Results showed a 50%, mortality rate for dams treated with
1000 mg/kg glyphosate. Skeletal alterations were observed in 15.4, 33.1,
42.0 and 57.3% of fetuses from the control, 500, 750 and 1000 mg/kg
glyphosate  groups, respectively. We may conclude that
glyphosate-Roundup is toxic to the dams and induces developmental
retardation of the fetal skeleton.

F}3EHE 13 Lajmanovich RC et al. (2003): @it SZie R I B H B AC 5
BREFIEFRA R T HNPHER R BTA R (5% ERE. REE
A, BEEZHD, 7 HBERESEENM.

13) Lajmanovich RC et al. (2003) Larval maldevelopment
(craniofacial and mouth deformities, eye abnormalities and bent curved
tails) occurred in all tests and increased with time and GLY-F




concentration.

FHFUEDE 14 Cox, C. (2004): EHBELERAIRER. =R
LRI R KM E T B S IEETSHER (—MEE) KRB,
14) Cox, C. (2004).Glyphosate has been shown to have
carcinogenic effects. Three recent studies found a link between
glyphosate exposure and non-Hodgkin's lymphoma (a type of cancer).

BHAEYE 15 Marc, J. etal. (2004): SRR REFhEH BERRE T
TRAH MR I B S HEAT HUER BT BB H BERR TR A T 4 i A3
IR

15) Marc, J. et al. (2004): Several glyphosate-based pesticides from
different manufacturers were assayed in comparison with Roundup 3plus
for their ability to interfere with the cell cycle regulation. All the tested
products, Amega, Cargly, Cosmic, and Roundup Biovert induced cell
cycle dysfunction.

FHFUEYE 16 Marc, J et al. (2004 4F):  FEH AT 7 BR B 77 % 40 o B 3
IR 7E DNA MK 2 R S BrBURIEIER . #if] CDK1/15 B 4
FEARERUBRIEA SHELE G2 / M T4 R B
.

16) Marc, J et al. (2004): We conclude that formulated glyphosate's
effect on the cell cycle is exerted at the level of the DNA-response
checkpoint of S phase. The resulting inhibition of CDK1/cyclin B Tyr 15
dephosphorylation leads to prevention of the G2/M transition and cell
cycle progression,

RIZEUEHE 17 Benedettia, A.L. et al. (2004): ZIRAF K B KR TE
HBERR E-Biocarb (7E VR MLALIIBR BT X Wister K B 52
W, ... AL, EHBEBRER-Biocarb 763250 M b m] B85 R T4
U, DR AST 5 ALT EA IS .




17) Benedettia, A.L. et al., (2004) The object of this study was to
analyze the hepatic effects of the herbicide Glyphosate-Biocarb (as
commercialized in Brazil) in Wistar rats. ... We may conclude that
Glyphosate-Biocarb may induce hepatic histological changes as well as
AST and ALT leaking from liver to serum in experimental models.

FI34EHE 18 John F Acquavellaetal. (2004): FLFAF KL : B
WEHBERERR SR, 60%H SRR PRN2EHBE, T
WHURIEN 3 ppb, BFEAEN 233 ppb, BEMATH RS HEFIRN 0.004
ma/kg o AT T ECAB H 4% 22 14 FR HhRer il 21 5 H B, B = BN 3 ppb;
REATTRI BT ER R 1200728 M%7 5 H R B 771 ) 22 AR 90 2 B H gk
B EWREN 29 ppb.

18) John F Acquavella et al. (2004): This study by Monsanto
reported: Sixty percent of farmers had detectable levels of glyphosate in
their urine on the day of application. The geometric mean (GM)
concentration was 3 ppb, the maximum value was 233 ppb, and the
highest estimated systemic dose was 0.004 mg/kg. For spouses, 4% had
detectable levels in their urine on the day of application. Their maximum
value was 3 ppb. For children, 12% had detectable glyphosate in their
urine on the day of application, with a maximum concentration of 29

ppb.

FHEEUEYE 19 Marc, J. et al. (2005 4E): FE¥EHE WL 22 2 5B BERR A
RiIEHREEMEN POEA BB ERME.

19) Marc, J. etal. (2005): The surfactant polyoxyethylene amine
(POEA), the major component of commercial Roundup, was found to be
highly toxic to the embryos when tested alone and therefore could
contribute to the inhibition of hatching.

FHEEUEHE 20 Lajmanovich, R.C. et al. (2005): EiH B 5 BR B4 Fr
FREPREERAEAR (FRESEERE. REEEMNEE. B




B, TEERFSWRERM. ... £ 3.07 mo/L #KEZREE 1 KM
W e /b, FREET 7.5 mg/L WBEMS U Q0% M . %A i A B H Bk
o e R R e} ) S T4

20) Lajmanovich, R.C. et al. (2005): Larval maldevelopment
(craniofacial and mouth deformities, eye abnormalities and bent curved
tails) occurred in all tests and increased with time and GLY-F
conentration. ... Malformation were minimal at 3.07 mg/L exposed for
one day, whereas greater that 90% were malformed at a GLY-F level of
7.5 mg/L. The current test confirmed the malformation effects of GLY-F
on tadpoles.

BHAUEDE 21 (2005): BRFCRE F AR 190K B EH BEE 21 REF %t
PHE R ILE 5 &G LR R S EIE B R G . 4
R, BARHBERIERRTENL, SBOHREREHEEILP
FHHARETE.

21) Beuret CJ et al.The present study has investigated the effects
that 1% glyphosate oral exposure has on lipoperoxidation and antioxidant
enzyme systems in the maternal serum and liver of pregnant rats and their
term fetuses at 21 days of gestation. The results suggest that excessive
lipid peroxidation induced with glyphosate ingestion leads to an overload
of maternal and fetal antioxidant defense systems.

FLEEEHE 22 Richard Set al. (2005): B 5% S 2 H B EAR TR ML A8
PR %A T 18 /NI It ARG JEG3 AN A 2tk #PEEH
BB S 55 I5F () B A7 AE AR Ve TR 3G 0 o A58 i 2 B M Bl 70
HBEE vt . EH R E T P007 &GRS mRNA KF, I
5 Al Al g B35 AL R AT AH AR, AE R AR I T 7 72 SWORL AR B i % 577
s 7 BRIV o RATARARGEEC 7 e A A2 ARk T
B H B A Y AT IRAG A ERAE IR E .
22) Richard S et al. (2005): We show that glyphosate is toxic to

human placental JEG3 cells within 18 hr with concentrations lower than




those found with agricultural use, and this effect increases with
concentration and time or in the presence of Roundup adjuvants.
Surprisingly, Roundup is always more toxic than its active ingredient.
The glyphosate-based herbicide disrupts aromatase activity and mRNA
levels and interacts with the active site of the purified enzyme, but the
effects of glyphosate are facilitated by the Roundup formulation in
microsomes or in cell culture. We conclude that endocrine and toxic
effects of Roundup, not just glyphosate, can be observed in mammals. We
suggest that the presence of Roundup adjuvants enhances glyphosate
bioavailability and/or bioaccumulation.

RBHEUFEHE 23 Sparling DW et al. (2006): WAL RAE MBI E
IEEET (73%) HAbibHE (80-100%). ER#HL, HRALH
ANE, FEREESTEN, REFHEG;. EFEESAARNE
JRER] e DAASHIE SO A R P B 1 77 252 28 B H B m F XU

23) Sparling DW et al. (2006): Hatching success at the highest
concentration was significantly lower (73%) than in other treatments
(80-100%). ... Genetic damage, as measured by flow cytometry, increased
with treatment concentration except for the highest dose. ... There also is
a risk that the health of turtle embryos may be affected in ways not
measured in the present study.

RHAAEYE 24 Oliveira AG et al. (2007): B EH BERR B vt 2
FE M8 XA ER AR, BEA T S 2ABEREHERK
F, WA T RAMERBERZARRE . 5 R S AR I
LIEEREEYW, RUEETE S X A0 B B SR
1 R HI R B B, 3% B B BERR B W] RRAE S I E AR T R
G ERESEEZ KA.
24) Oliveira AG et al. (2007): The exposure to the herbicide

resulted in alterations in the structure of the testis and epididymal region
as well as in the serum levels of testosterone and estradiol, with changes




in the expression of androgen receptors restricted to the testis. The
harmful effects were more conspicuous in the proximal efferent ductules
and epididymal ducts, suggesting higher sensitivity of these segments
among the male genital organs. The effects were mostly dose dependent,
indicating that this herbicide may cause disorder in the
morphophysiology of the male genital system of animals.

FIEIEHE 25 César Paz-y-Mifio et al. (2007): 3 /E)RZ/RILEB KL
BHRMREEEFNEHBREANER. . §REx, 5XR4A

(BEKE=2594 pm) M, REHPEREER DNA #5 (8
BKE=35.5 pm). IXEEEEHRITOLIBETE IR B H B BR B 7RI S 77 %o 4
N T BEF B, &R DNA $ifs .

25) César Paz-y-Mifio et al. (2007): We analyzed the consequences
of aerial spraying with glyphosate added to a surfactant solution in the
northern part of Ecuador. ... The results showed a higher degree of DNA
damage in the exposed group (comet length = 35.5 um) compared to the
control group (comet length = 25.94 um). These results suggest that in the
formulation used during aerial spraying glyphosate had a genotoxic effect
on the exposed individuals.

FIEUEYE 26 Bellé Retal. (2007): FEREAY2 i WESBOHT
BREENBYEFERMERES. B%, BIER DNA RGRE
IR NER, T HBEESREEE T4 (NCS) BEN
ERET4M (CSC) MR, B oA EE "R T B
KX, B NEETFHM (CSC) T PAYE BRIl PRIESE AT 3R
Wz, FARPERENZENTS, B —MYIZN T4, &
FEE R B v I R P Bk AT o0 . R A K
ANRBRERERGI, WL R VFEAAIRATIR RS H
DURT AN B ERSE & 4 F e AR EAT TPl . PR MG RE & X 57
IR EEERS EH B R ERE S RIE#AT T HEE: B
RABOEA ML — AR R AR DNA S E .



https://www.researchgate.net/researcher/38592135_Cesar_Paz-y-Mino/
https://www.researchgate.net/researcher/38592135_Cesar_Paz-y-Mino/

26) Bellé R et al. (2007): New insights in cancer biology lead
to two fundamental concepts about the very first origin of
cancerogenesis. Cancers result from dysfunction of DNA-damaged
checkpoints and cancers appear as a result of normal stem cell (NCS)
transformation into a cancer stem cell (CSC). The second aspect
suggests a new definition of "cancer", since CSC can be detected well
before any clinical evidence. Since early development starts from the
zygote, which is a primary stem cell, sea urchin early development
allows analysis of the early steps of the cancerization process. In the
field of toxicology and incidence on human health, the sea urchin
experimental model allows assessment of cancer risk from single or
combined molecules long before any epidemiologic evidence is
available. Sea urchin embryos were used to test the worldwide used
pesticide Roundup that contains glyphosate as the active herbicide
agent; it was shown to activate the DNA-damage checkpoint of the
first cell cycle of development.

PIEEUEHE 27 Dallegrave E etal. (2007): BFFTEERFEH, BHBIRE
FIREEE T RKMERTE, EHENEREERER T HEEELEYM.
RAFREESM 2R TEREEEBRETHARRD WINRERT
B, FAFFRDE ME R AR KT 5EH BHEAEA R
2, FIRNERANHEREIE T RUZER . FERERFKRENEER
ETTIERER . XERIRY, T8 W -5 7L 5 H B TR A
RN ERFHAETEN SRERNBRNAEERAFREER T
M o

27) Dallegrave E et al. (2007) The results showed that
glyphosate-Roundup did not induce maternal toxicity but induced adverse
reproductive effects on male offspring rats: a decrease in sperm number
per epididymis tail and in daily sperm production during adulthood, an
increase in the percentage of abnormal sperms and a dose-related
decrease in the serum testosterone level at puberty, and signs of




individual spermatid degeneration during both periods. There was only a
vaginal canal-opening delay in the exposed female offspring. These
findings suggest that in utero and lactational exposure to
glyphosate-Roundup may induce significant adverse effects on the
reproductive system of male Wistar rats at puberty and during adulthood.

RIEEIEHE 28 McComb et al. (2007): RERKRH, FEHBEHRAK K
P R i r B 2R A i 4 — P AL B R AL AR R U A

28) McComb et al. (2007): In in vitro tests found that glyphosate
acts in the mitochondria of the rat liver cells as an oxidative
phosphorylation decoupling agent.

FHEIESE 29 Soso AB et al. (2007): LRRIFKHHFEENEH A
% Rhamdia quelen FIEHE . SRR BEARE -5 S RINE /7

29) Soso AB et al. (2007) The results indicate that the presence of
glyphosate in water was deleterious to Rhamdia quelen reproduction,
altering steroid profiles and egg viability.

FLUEHE 30 Hokanson R et al. (2007): H A m A MRS5S xR
R O BERR T . BRI\ H BN T, JATR
XML AR A SRR RS 47, SRR B H B\ R4 2
ERRIEKEES . RAVERET —HERH, B DNA FEREF] 5 Hrdh e K
RerRik, FHERMELN PCR RIEEREABZRRE. AR
X LR R E R IIEE, BT RREREARE FENRETEH K
I RRG H AT B8 /5 B A RIB R T AR RS

30) Hokanson R et al. (2007) Among the chemicals most
commonly used, both commercially and in the home, is the herbicide
glyphosate. Although glyphosate is commonly considered to be
relatively non-toxic, we utilized in vitro DNA microarray analysis of
this chemical to evaluate its capacity to alter the expression of a
variety of genes in human cells. We selected a group of genes,




determined by DNA microarray analysis to be dysregulated, and
used quantitative real-time PCR to corroborate their altered states of
expression. We discussed the reported function of those genes, with
emphasis on altered physiological states that are capable of initiating
adverse health effects that might be anticipated if gene expression
were significantly altered in either adults or embryos exposed in
utero.

RBIEAUEYE 31 Mafias F et al. (2009): AMPA R ¥ H B F IR
B, .. EERRRT, SXBAME, 4 2.5-7.5mM /KF DNA
WO EREERN. SXRAME, RAITKIMN LM E LM+ 1L
1.8mM JKF AMPA &K R EARRM RS T BE . AEERE
H1, £ 200-400mg/kg 7KF, A SETH 2B BN, AMPA 7E
BT I =00 P S =

31) Mainias F et al. (2009): AMPA is the major environmental
breakdown product of glyphosate. The purpose of this study is to evaluate
the in vitro genotoxicity of AMPA using the Comet assay in Hep-2 cells
after 4h of incubation and the chromosome aberration (CA) test in human
lymphocytes after 48h of exposition. Potential in vivo genotoxicity was
evaluated through the micronucleus test in mice. In the Comet assay, the
level of DNA damage in exposed cells at 2.5-7.5mM showed a significant
increase compared with the control group. In human lymphocytes we
found statistically significant clastogenic effect AMPA at 1.8mM
compared with the control group. In vivo, the micronucleus test rendered
significant statistical increases at 200-400mg/kg. AMPA was genotoxic in
the three performed tests.

FIEEUEHE 32 Nora Benachour and Gilles-Eric Séralini (2009): Xj&EH
B R = EREY AMPA, DU EH BRI EFE 5+ =B ik
7 POEA (RMEEMEFR], #R 10 /5%, N=MARKARAMBIE
Mo XERRREKTR, BT RN EEFRKE, FRTRMS




B AR P R B ER B HRK R « =R NS B 2 A AR ) LI i e
FKEIZEM. 293 IR B4l JEG3 fef4if R . Fre = HBERIEC 7 7E
24 /N NG BT 4RAET, GBI PR SORL AR BRI R ik S R v
DA % 388 e S o A 2 i BR Ve T B R 405 5 O i AL
Pl ) 4 B R A T 3/7 W5 M 5 i 4 RO 1 o B B ARG (R A R
T EE Bk N B2 4 (HUVEC) EXANKSE L 100 FEEK. A%
RN EH BER AR A, EINBGRT R EF TR R . B
BT AMPA 5 POEA (G H BERR ESRIEC 7 H RIS HRD
SR BME A EE SRR IMERAR, BEHBE—F, SGHRE,
HR & HEANFERKREXEER . BNEETB—ENREYNGEE
WEER. 48, & POEA XFERHEN, BRARA KB ERE,
DRTSHMETFRBUERERBHE RO, EHBREENRE,
W5 eI, A% R R H BRROACH . IR IR R R B
AYEBER .. W LHERNEHBRRES, BIEETIEHBREYII
THyE M SAREREKT, s R4 REE L E5T.

32) Nora Benachour and Gilles-Eric Séralini (2009): We have
evaluated the toxicity of four glyphosate (G)-based herbicides in
Roundup (R) formulations, from 10° times dilutions, on three different
human cell types. This dilution level is far below agricultural
recommendations and corresponds to low levels of residues in food or
feed. The formulations have been compared to G alone and with its main
metabolite AMPA or with one known adjuvant of R formulations, POEA.
HUVEC primary neonate umbilical cord vein cells have been tested with
293 embryonic kidney and JEG3 placental cell lines. All R formulations
cause total cell death within 24 h, through an inhibition of the
mitochondrial succinate dehydrogenase activity, and necrosis, by release
of cytosolic adenylate kinase measuring membrane damage. They also
induce apoptosis via activation of enzymatic caspases 3/7 activity. This is
confirmed by characteristic DNA fragmentation, nuclear shrinkage
(pyknosis), and nuclear fragmentation (karyorrhexis), which is
demonstrated by DAPI in apoptotic round cells. G provokes only




apoptosis, and HUVEC are 100 times more sensitive overall at this level.
The deleterious effects are not proportional to G concentrations but rather
depend on the nature of the adjuvants. AMPA and POEA separately and
synergistically damage cell membranes like R but at different
concentrations. Their mixtures are generally even more harmful with G,
In conclusion, the R adjuvants like POEA change human cell
permeability and amplify toxicity induced already by G, through
apoptosis and necrosis. The real threshold of G toxicity must take into
account the presence of adjuvants but also G metabolism and
time-amplified effects or bioaccumulation. This should be discussed
when analyzing the in vivo toxic actions of R. This work clearly confirms
that the adjuvants in Roundup formulations are not inert. Moreover, the
proprietary mixtures available on the market could cause cell damage and
even death around residual levels to be expected, especially in food and
feed derived from R formulation-treated crops.

RHEIEYE 33 Mariana, A. et al. (2009): RATHFF T HESHRA 1/50 5
1/250 $HIEE (LD50) KF. EHBE. K, BMRELES
—i2, MARRAREIEA . #T R R X RN 5, 80T i
FEES AP ENBORE, HER T AT REER B . 8L
PSR S5 B Z AR 05 ) L VAR B WI7K T, DARXHHUEALBT 0 R GEiE i)
HIBCARRD T R A A0 B R RULE P 2 AEE . FSH (REIRA R B
) 5 LH (EARERBER ) KF.

33) Mariana, A. et al. (2009): We studied the effect of chronic
pesticide exposure in rats injected i.p. for 5 weeks with doses between
1/50 and 1/250 LD50 of dimethoate, glyphosate and zineb, either alone or
in combination. All tested agrochemicals increased the oxidative stress
status in the plasma, liver, and testes, and also modified hormonal
parameters involved in reproductive function. The increase in oxidative
stress and damage biomarker levels, as well as the alteration of the
antioxidant defence system decreased testosterone, FSH and LH levels in




the plasma of pesticide-treated rats.

BHAUEHE 34 Manias F et al.(2009): % 5 H, & BRI R B 400mg/kg
FIREH BN /MR HEp-2 415 MNT B BURAR=LE. .. &
RERXEERESMEEIN. RIEFTRBRES R, RITAEHRREN
BB R RN TR . B TS REARGRMER, RAITA
N BN R AN B R4 A5 2 8] AT BE B SRR — B K

34) Manfas F et al. (2009): In the present study glyphosate was
genotoxic in the comet assay in Hep-2 cells and in the MNT test at 400
mg/kg in mice. ... The results showed an increase in these enzyme
activities. According to the obtained results we cannot discard the
oxidative stress as a potential genotoxicity mechanism. Due to the fact
that the results were not conclusive we believe it is necessary to carry on
researching the possible connection between oxidative stress an genetic
damage.

FISEYE 35 Prasad S etal. (2009): FIskfaxi @A, P B
e SRS A, R CA (BAafREE) 5 MN (B
BF (P<.05) ¥in. MRAELIREH (MD BERD, RAE
H B 40 R AR B B BT ST R 45 SRR I B Bl /N R A BE B
BAANR S 4 S

35) Prasad S et al. (2009): Glyphosate treatment significantly
increases CAs (chromosomal aberrations) and MN (micronuclei)
induction at both treatments and time compared with the vehicle control
(P < .05). The cytotoxic effects of glyphosate were also evident, as
observed by significant decrease in mitotic index (MI). The present
results indicate that glyphosate is clastogenic and cytotoxic to mouse
bone marrow.

BL2£UEPE 36 Robin Mesnage et al. (2009): 2009 £ 1 H, —XRIHFR
HE5RANBRER, BT EANEF AR HAERNF R ERE. —




METHEKRBREKRME. &F —MHAERIITIFAS, — AN
FRgBR. SN ETEZRETR. H—MPIHZE KBRS
EgR/b, RLITMEAS. XSk REER — M ETFRER—I K
BE R FM D o SRT, FELRIXRR B R 5 AR IR — S AR i
IHTESR AL, HOm R 245 R AT B S RAE R K AR ES.
F|BAr AL R A Bz m, mERERNFERE, TR
TR x ESFatkdtfe. HTERZ KRB FR, T H2 Bk
BRZBARIE, AT AR EARERBHHEIT RN . R2ET)E, X
R T HEREG . LREEBE 1.3 MRz, HHaHE 300 AFEH
BERELS, T H A B HR . XERAGPFHEZHOHRNIWT
WA RS, MBER. 24-HBHER. EHBE. BEER. MAE,
FARRNEEN . X 5OREMEY], 2 I7EE R ™ 5, el
PLEE PRI H DR GEM R IR 5 X S AR R 2

36) Robin Mesnage et al. (2009): In January 2009, a farming couple
contacted us because two of their three children were born with
congenital malformations. One had a somatotropic deficiency, an
imperforate anus and a small atrial septal defect at birth. Another was
suffering from hypospadias, had a micropenis, a total deficiency of
growth hormone and presented also an imperforate anus. All these
disorders are rarely encountered in the same person or family. Yet, in
some cases these symptoms with others have been grouped under the
Stratton-Parker syndrome, whose etiology remains unknown. They
noticeably overlap our cases. Only males are affected up to date and all
cases occurred sporadically, some authors have therefore proposed an
X-linked recessive inheritance. Due to the absence of known familial
antecedents, and lack of genetic origins evidenced to date, the hypothesis
of an environmental origin can be explored. In particular, many pesticides
were used by this family around pregnancies. The father sprayed, without
protection, more than 1.3 tons of pesticides per year including 300 liters
of glyphosate based herbicides. Among them are well-known endocrine
disruptors such as carbendazim, 2,4-Dichlorophenoxyacetic acid,




glyphosate, ioxynil, linuron, trifluralin and vinclozolin. The whole family
had close contact with the father, consumes products of their garden and
can be exposed through the consumption of pigs and poultry fed with the
farm harvest.

BHEEUEYE 37 Gasnier C etal. (2009): HEHBEAEREHBAHA L
B ENRRERAFRTEER RS . i, XSk
BRI R RNR R EEREY, XEREY A B 4
HZK P RX B S, FELRtRRL R BEATREIE 400 ppm BB . AE
JERE HepG2 IR T AR R AR BRI MAER, RATIEARF
FE HepG2 4 a3 B H g S FL VU RS RIS 7 BR BRI JBHAE
QT4 A X B B B R AT RS . BRATA =M 7

(Alamar Blue, MTT, ToxiLight), PARZEFFZHE (HEERK). Jilk
BWE (X ERalpha, ERbeta) SHMEEERMR G AR) ik EAN
R, RATEASFHEERES mMRNA BEREMEREES. T
B HRIRAE 24 /NIF A ERSZ 2 AR MY R 72 A B H B A L DY A S 7 Bk
BB B BT o AR AR T B H BERR TR BS 75 T 3F
EHBRTE . B B M ARG A 2030 R B i R AL 7
# (R400) M 0.5 ppm FIEZE MDA-MB453-kb2 4t o 3 i X 52
EEER, 85 2 ppm FIEE, HepG2 41t i MHERGER 448 1
BREIEEDIH . N 10 ppm FIRE, FEUBEEINESIWE
FHh. 7E Alamar Blue iR% (HEURKD 1, M 10 ppm FIEH K&
HAEEER, B 5 ppm A4 DNA #Hifh. FILBHAEREY).
PR B PR rh B R BR T B SR 4 R K R, o B RN
TV BRI A FA R HAT T iR

37) Gasnier C et al. (2009): Glyphosate-based herbicides are the

most widely used across the world; they are commercialized in different
formulations. Their residues are frequent pollutants in the environment.
In addition, these herbicides are spread on most eaten transgenic plants,
modified to tolerate high levels of these compounds in their cells. Up to
400 ppm of their residues are accepted in some feed. We exposed human




liver HepG2 cells, a well-known model to study xenobiotic toxicity, to
four different formulations and to glyphosate, which is usually tested
alone in chronic in vivo regulatory studies. We measured cytotoxicity
with three assays (Alamar Blue, MTT, ToxiLight), plus genotoxicity
(comet assay), anti-estrogenic (on ERalpha, ERbeta) and anti-androgenic
effects (on AR) using gene reporter tests. We also checked androgen to
estrogen conversion by aromatase activity and mRNA. All parameters
were disrupted at sub-agricultural doses with all formulations within 24h.
These effects were more dependent on the formulation than on the
glyphosate concentration. First, we observed a human cell endocrine
disruption from 0.5 ppm on the androgen receptor in MDA-MB453-kb2
cells for the most active formulation (R400), then from 2 ppm the
transcriptional activities on both estrogen receptors were also inhibited on
HepG2. Aromatase transcription and activity were disrupted from 10
ppm. Cytotoxic effects started at 10 ppm with Alamar Blue assay (the
most sensitive), and DNA damages at 5 ppm. A real cell impact of
glyphosate-based herbicides residues in food, feed or in the environment
has thus to be considered, and their classifications as carcinogens/
mutagens/reprotoxics is discussed.

F}2EHE 38 Romano RM et al. (2010): BFFT4E RFBARVE T 2L
HBERR B FER A R — R BT 3R K B A 23U 050, T S A g o
ZRHAEBTRARTER TN

38) Romano RM et al. (2010): These results suggest that
commercial formulation of glyphosate is a potent endocrine disruptor in
vivo, causing disturbances in the reproductive development of rats when
the exposure was performed during the puberty period.

RHEEYE 39 Jayawardene, U.Aet al. (2010): A 1ppm WRE, FHBE
ST IR AR S, R LR PR ER 69% R, WEE
BT EEO AR, Wi (G5 MR CEEMNE), #




WL 2 T 7K Frb 01 B2 JERI54 0 -

39) Jayawardene, U.A et al. (2010): Glyphosate recorded the highest
percentage of malformation (69%) compared to other pesticides in 1.00
ppm concentration. Malformations observed were mainly in the spine,
such as hunched back (kyphosis) and curvature (scoliosis), while edema
and skin ulcers were also observed

FFEIEHE 40 Paganelli, Aet al. (2010): JEYH TR 5 iR 578 5000
EEHBREN—ERL. 248N EREERT, ki 5HEEH
B, B JE M8 . R S M AR5 UK B i BT — 3K
VS B Rl B R AR B A B IR o B H BRRR L SRIE XS R iR B
KUK, BR—NBERET . BOUEERPD LT .
XRAEHBEE OO B HIRTE 551, AR5 H R E5T B 7
IR TG BRI A 2 o — DMREEE T, B BERRERAL
N T RPN TOBE R 5 AR P LR IRIE T, T B S RA FEPUHIKI E
ALFERARFE Y B H TR BR B R R B RUORL o PR I 5 10 B H R R A7 A
SR FERANEHREIN MRS R

40) Paganelli, A.et al. (2010) Xenopus laevis embryos were
incubated with 1/5000 dilutions of a commercial GBH. The treated
embryos were highly abnormal with marked alterations in cephalic and
neural crest development and shortening of the anterior—posterior (A-P)
axis. Alterations on neural crest markers were later correlated with
deformities in the cranial cartilages at tadpole stages. Embryos injected
with pure glyphosate showed very similar phenotypes. Moreover, GBH
produced similar effects in chicken embryos, showing a gradual loss of
rhombomere domains, reduction of the optic vesicles, and microcephaly.
This suggests that glyphosate itself was responsible for the phenotypes
observed, rather than a surfactant or other component of the commercial
formulation. A reporter gene assay revealed that GBH treatment increased
endogenous retinoic acid (RA) activity in Xenopus embryos and
cotreatment with a RA antagonist rescued the teratogenic effects of the




GBH. Therefore, we conclude that the phenotypes produced by GBH are
mainly a consequence of the increase of endogenous retinoid activity.

FBHAEYE 41 Rick A. Relyea (2012): EHEIL#E B KFEYRHHR,
TL2E R AR SE I = FAEH T -FISEGR, KIUREERE H R
DU FEAREAFERE G, REFREBEEZRPHERKHER T
A 5HRBREE R T HENERNEHESHR. REFFER, X
TR B — PP R AT LA B S TS SR Bk — TR 5L . BESh,
XESHHRIR I, RIATBEBUE TIRB R R Fitgs. aFE—
A, XL R AR B S BN Z XM R BRI £ MR F
I X JEREAR R R SE T AR H .

41) Rick A. Relyea (2012) Even more striking was the discovery that
Roundup induced morphological changes in the tadpoles. In wood frog
and leopard frog tadpoles, Roundup induced relatively deeper tails in the
same direction and of the same magnitude as the adaptive changes
induced by dragonfly cues. To my knowledge, this is the first study to
show that a pesticide can induce morphological changes in a vertebrate.
Moreover, the data suggest that the herbicide might be activating the
tadpoles' developmental pathways used for antipredator responses.
Collectively, these discoveries suggest that the world's most widely
applied herbicide may have much further-reaching effects on nontarget
species than previous considered.

FIEAUEYE 42 Fabio Leonardo Meza-Joya et al. (2012): B H BN IR
FERBIT 5.4 ug ae/em? (4D PLK 95 pgae/mL BAE GRERW) &
TR MR E RS . FiE (Eleutherodactylus johnstonei) & A
b B T, DARIEARHT S DNA B, ERRKTARIE
T4itE%F (P<0.05). DNA BERBEZALR (A EATTHEM, /5
b, RATRENERRE NI K4 DNA BEHL,
42) Fabio Leonardo Meza-Joya et al. (2012): Glyphosate

formulation at application rates above 5.4 pg a.e./cm? (in vivo) and




concentrations above 95 pg a.e./mL (in vitro) showed clear evidence of
cytotoxicity. In vivo and in vitro exposure of E. johnstoneie rythrocytes to
the glyphosate formulation induced DNA breaks in a dose-dependent
manner with statistically significant values (P < 0.05) at all doses tested.
DNA damage initially increased with the duration of exposure and then
decreased, suggesting that DNA repair events were occurring during in
vivo and in vitro exposures.

FBHLUEYE 43 Koller VJ et al. (2012): B HBEREFIR HF B R EH
BHIRRER; BRI HIFIRE S POEA FE N EEREE
. BFRIKIRY, RETEHBEN AKRTHEER DNA #4558
fE. RIXFE>40mg/l WREEAM 20 8P E R SR, XM
M SRR THERE BIR N A R - BAMRBE ik TR B, BH
BESRIE, >20mo/l IRET, #K DNATH. Mo,
-SRI R BN A RS B E S4BT AT R BR Y, B
YRR A 5 2B, T H DNA 3345 1 5 -5 kR B K HE
FHIR o BT IRAT R IR ML A 8 5 77 B AR R 450 IR R s R
BIERIRM, BT R DR, BT BERR B30 AT B B A AR
DNA# 5 . ek, WS 2] B DNA 347 ) A% B 22 38 i 32 10-20mgy/|
W 20 o BhJE, BN E KRBT R, MiCAEN (NPBs) L
fE B = (20 mo/D) M58 . ARKAE T S T EERSE PR Rl BT B
SEONEE o 5 SRR bR A AT P E s B A B AT ST A R LU, FRAE
AR I T, FH b B 4 B2 B B4 o EE AT DNA $ds . il 13k
AR, AEX BT ARV TR 2 B e 450 AR 2T 4 fioh = 3 Rk DAL 2 1k
RNAH, BATTRIWT TR 4E R, WO AT BEXT 2 8 B NI& B DNA 17
o

43) Koller VJ et al. (2012): Glyphosate (G) is the largest selling
herbicide worldwide; the most common formulations (Roundup, R)
contain polyoxyethyleneamine as main surfactant. Recent findings
indicate that G exposure may cause DNA damage and cancer in humans.
R induced acute cytotoxic effects at concentrations >40 mg/| after 20 min,




which were due to membrane damage and impairment of mitochondrial
functions. Both G and R induced DNA migration in single-cell gel
electrophoresis assays at doses >20 mg/l. Furthermore, an increase of
nuclear aberrations that reflect DNA damage was observed. The
frequencies of micronuclei and nuclear buds were elevated after 20-min
exposure to 10-20 mg/l, while nucleoplasmatic bridges were only
enhanced by R at the highest dose (20 mg/l). R was under all conditions
more active than its active principle (G). Comparisons with results of
earlier studies with lymphocytes and cells from internal organs indicate
that epithelial cells are more susceptible to the cytotoxic and
DNA-damaging properties of the herbicide and its formulation. Since we
found genotoxic effects after short exposure to concentrations that
correspond to a 450-fold dilution of spraying used in agriculture, our
findings indicate that inhalation may cause DNA damage in exposed
individuals.

RIAEHE 44 Vandenberg LN et al. (2012): {:4i# 3 % — B IRF
We EJL+4E, AMWTFIRAER (EDC) KIBFAXN HEZASM
SFBRBEERENR Y T HkER, FAAR Wb, (EDO)
B B R TR BRI B R AT & T AW T2 R

(EDC) MIAHMAMEERS: KNESIERRAL

(nonmonotonicity). ... RAIE®, JELPAMEFIR L #h 28 R AR,
(TR B A BRI RN TE vk H R T R B 28 A B SR AT T o ERIBE, %o B3
2 A S A S TR B R R R R AR T2

44) Vandenberg LN et al. (2012): For decades, studies of

endocrine-disrupting chemicals (EDCs) have challenged traditional
concepts in toxicology, in particular the dogma of “the dose makes the
poison,” because EDCs can have effects at low doses that are not
predicted by effects at higher doses. Here, we review two major concepts
in EDC studies: low dose and nonmonotonicity. ... We conclude that
when nonmonotonic dose-response curves occur, the effects of low doses




cannot be predicted by the effects observed at high doses. Thus,
fundamental changes in chemical testing and safety determination are
needed to protect human health.

R} EEHE 45 Benedetti D et al. (2013): B Rio Grande do Sul M2
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45) Benedetti D et al. (2013): Soybean cultivation is widespread in
the State of Rio Grande do Sul (RS, Brazil), especially in the city of
Espumoso. Soybean workers in this region are increasingly exposed to a
wide combination of chemical agents present in formulations of
fungicides, herbicides, and insecticides. ... Comet assay and BMCyt
(micronuclei and nuclear buds) data revealed DNA damage in soybean
workers. Cell death was also observed (condensed chromatin,
karyorhectic, and karyolitic cells). Inhibition of non-specific choline
esterase (BchE) was not observed in the workers. The trace element
contents of buccal samples were analyzed by Particle-Induced X-ray
Emission (PIXE). Higher concentrations of Mg, Al, Si, P, S, and Cl were
observed in cells from workers. No associations with use of personal
protective equipment, gender, or mode of application of pesticides were
observed. Our findings indicate the advisability of monitoring genetic
toxicity in soybean farm workers exposed to pesticides.
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46) Thongprakaisang S et al. (2013): Glyphosate is an active
ingredient of the most widely used herbicide and it is believed to be less
toxic than other pesticides. However, several recent studies showed its
potential adverse health effects to humans as it may be an endocrine
disruptor. This study focuses on the effects of pure glyphosate on
estrogen receptors (ERs) mediated transcriptional activity and their
expressions. Glyphosate exerted proliferative effects only in human
hormone-dependent breast cancer, T47D cells, but not in
hormone-independent breast cancer, MDA-MB231 cells, at 10 %2 to
10" °*M in estrogen withdrawal condition. The proliferative concentrations
of glyphosate that induced the activation of estrogen response element
(ERE) transcription activity were 5-13 fold of control in T47D-KBluc
cells and this activation was inhibited by an estrogen antagonist, I1CI
182780, indicating that the estrogenic activity of glyphosate was
mediated via ERs. Furthermore, glyphosate also altered both ERa and 3
expression. These results indicated that low and environmentally relevant




concentrations of glyphosate possessed estrogenic activity.
Glyphosate-based herbicides are widely used for soybean cultivation, and
our results also found that there was an additive estrogenic effect between
glyphosate and genistein, a phytoestrogen in soybeans. However, these
additive effects of glyphosate contamination in soybeans need further
animal study.
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fis% 4. EIMZEBFRINEH BN W TFIRA 17 TRHA RIS !
Attachment 4: Seventeen studies show evidence that glyphosate is an
Endocrine Disrupting Chemical (EDC).

HAh 2 B R ILEH BER T3 17 TR 2R UESE « RAVER
S EREPOEAESEEXCETN I FREERTEHRANE, ¥
B B A S T IRAX R 2 REREBE A FEARK— RS
NOMBEER, MERERAAE LT H R HHE!

The Ministry of Agriculture and the China Disease Prevention & Control
Center (China CDC) continue to use the out of date "dosage decides toxicity"
concept of traditional toxicology, purposely ignoring that chemicals like
glyphosate and other EDCs, at very low level cause harm to a series of hormone
systems of humans, causing life-long systematic harm in many aspects!

Summary of Main Points

EEEAEE B 2001 F (AW TRAIRBE AR HE: N
F5 (EDC) EABAESRHEF AR BERE, HZ3 & EBUF K
PIRE. AXERT A MTFMFARGEE. ERNE. LaYRE R R
B, FEA T IAYIGNE KRB ERTHHES, R TA%
BN RS BT i iy s b I N S X TN A e XV E i
A=Wt RS TOARTE P23 MU i 6 3 A2 o ) B R b A
""Advances of Endocrine Disrupting Chemicals Research' by Chinese
scholar Ren Jin, Jiang Ke, Research Center for Eco-Environmental
Sciences, Chinese Academy of Sciences. Summary: EDC is becoming a
front-edge topic of ecological environment studies, and receiving close attention
by governments of each nation. This paper summarizes advances in the studies
of the harms caused by EDCs, their mechanism, kinds of compounds, and
especially emphasizes on the new concept of potential harm caused by low




concentrations but long-term exposure to such chemical compounds, discussed
in detail the challenge traditional environment toxicology and environment
analysis chemistry has faced, the important strategic position of biological
analysis, chemical instrument analysis and biosensors technology in the
screening process of EDCs.

"Endocrine Disruptor Screening Program (EDSP)"* issued on Aprill5,
2009 by EPA points out:

EEFBEHE (EPA) 2009 4E 4 A 15 H (WA WTIRFFEREF

(EDSP) ) #8H:

In the 1990's, some scientists proposed that certain chemicals might be
disrupting the endocrine systems of humans and wildlife. A variety of
chemicals have been found to disrupt the endocrine systems of animals in
laboratory studies, and compelling evidence shows that endocrine systems
of certain fish and wildlife have been affected by chemical contaminants,
resulting in developmental and reproductive problems.

90 B4R, FELR} R FRVCEGELAL 2 M TT Bexf NSRBIV N R
GERTH. ELBEFALER—RIVLZE RSN 2B REERT
P, SNERIETERHFELE R G AWK AN MR R B EE G
Kiggm, SBRESEEMERE.

Based on this and other evidence, Congress passed the Food Quality
Protection Act and the Safe Drinking Water Act (SDWA) Amendments in
1996 requiring that EPA screen pesticide chemicals for their potential to
produce effects similar to those produced by the female hormones
(estrogen) in humans and giving EPA the authority to screen certain other
chemicals and to include other endocrine effects. Based on
recommendations from an Advisory Committee, EPA has expanded the
EDSP to include male hormones (androgens) and the thyroid system, and
to include effects on fish and wildlife.

TR PR HADRESRE, H4 1996 F@Ed T (KmRBERPE) 5 (22
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TE N R E B FI LR R BV AE P BRREAT 18, I ELIRBUARRY B F L
HAbpb M, FAFEHMA BN, #THE. 2T - MEARRE
KIEFERN, FEEFEY BT EDSP (RoWTIFIHERR), BBk
BR (BER) UAFRERGEFERER, RNEENEREHESMN
B0 .
"Environmental causes of cancer: endocrine disruptors as carcinogens"

published in 2010 by Nature Reviews Endocrinology emphasizes:

(ERZRE) 2010 F (BUBHREER: BUENASBTIR, BR
N IREE) iR

Environmental endocrine disrupting chemicals (EDCs), including
pesticides and industrial chemicals, have been and are released into the
environment producing deleterious effects on wildlife and humans. The effects
observed in animal models after exposure during organogenesis correlate
positively with an increased incidence of malformations of the male genital tract
and of neoplasms and with the decreased sperm quality observed in European
and US populations. Exposure to EDCs generates additional effects, such as
alterations in male and female reproduction and changes in neuroendocrinology,
behavior, metabolism and obesity, prostate cancer and thyroid and
cardiovascular endocrinology. This Review highlights the carcinogenic
properties of EDCs, with a special focus on bisphenol A. However, humans and
wildlife are exposed to a mixture of EDCs that act contextually. To explain this
mindboggling complexity will require the design of novel experimental
approaches that integrate the effects of different doses of structurally different
chemicals that act at different ages on different target tissues.

FEEANIWTIIES (EDC) , BFRAS TS, BHE
HEPXT B AV EANRERE TR SRR L8 2] s P 23
FHMZRERERRT I, SkilEREADOPUER E 4%
ARG KRB EY SR TIRT RRRAPRALIE R B, B3R e iy 7t
FIMZRE= LRI, B tEZEEREPRER. HERD
W T8 IR EEME. FRESFRESOILEN S BRE.
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PR3 A [ BRI R

Vandenberg LN et al. (2012) reveals: For decades, studies of
endocrine-disrupting chemicals (EDCs) have challenged traditional concepts in
toxicology, in particular the dogma of “the dose makes the poison,” because
EDCs can have effects at low doses that are not predicted by effects at higher
doses. Here, we review two major concepts in EDC studies: low dose and
nonmonotonicity. ... We conclude that when nonmonotonic dose-response
curves occur, the effects of low doses cannot be predicted by the effects
observed at high doses. Thus, fundamental changes in chemical testing and
safety determination are needed to protect human health.

Vandenberg LN et al. (2012) #z~: fE4HESE—EHBREREN. 1)1
T8, AT (EDC) M RN BHEAESEHS FEREE"
REER Y T #kik, RN BFILZEE (EDC) BB ok
MEFI BRI BAIHFET ASWTFILEE (EDC) BIAFHKIPIHE
EifS: RHEEIELEFEE (nonmonotonicity). ... BAl1&5#, JEBFME
Fo B N 2R A AR I, IR BRI B RRRE Tk H R A B 2 B B RS AT TR
W, Fitk, xEEEEpl R SR E FE M RS R R AR
g o0

The EPA on April 14, 2009 announced the preliminary list for the
Endocrine Disruptor Screening Program, which included glyphosate.

IRRYE 2009 4E 4 A 14 BHEA T X A RGBT L
K RYIBER, HhamEH .

A2 E BT SR B B A - T3 17 TR R 0 UE 3 !
Oversea 17 studies find evidence that glyphosate is an EDC!




1) Yousef Ml et al. (1995): Pesticide treatment resulted in a decline in body
weight, libido, ejaculate volume, sperm concentration, semen initial fructose
and semen osmolality. This was accompanied with increases in the abnormal
and dead sperm and semen methylene blue reduction time. The hazardous effect
of these pesticides on semen quality continued during the recovery period, and
was dose-dependent. These effects on sperm quality may be due to the direct
cytotoxic effects of these pesticides on spermatogenesis and/or indirectly via
hypothalami-pituitary-testis axis which control the reproductive efficiency.

1) Yousef Ml et al. (1995): BEHBHERLHRRAEE. K. HHE.
BTRESEIR TR, AERTREMERLIELAHERE KR, TWHEHR
B . PIEA R EH BN TR SRS, /AT
Hll ST BRI T B4 22 FU S X S R 5 .

2)Walsh, L.P. et al. (2000): The pesticide Roundup inhibited dibutyryl
[(Bu)(2)]cAMP-stimulated progesterone production in MA-10 cells without
causing cellular toxicity. Roundup inhibited steroidogenesis by disrupting StAR
protein expression, further demonstrating the susceptibility of StAR to
environmental pollutants.

2) Walsh, L.P. et al. (2000): FE~/ 5 it Je8 48 i b R DR B H B BR TR K
WHZ2E5HBREAREYE RIES) . XIEHEER -- ERGER - ¥
RERHRR BT RIRBIBARKF.

3) Marc J et al. (2002): In summary, Roundup affects cell cycle regulation
by delaying activation of the CDK1/cyclin B complex, by synergic effect of
glyphosate and formulation products. Considering the universality among
species of the CDK1/cyclin B regulator, our results question the safety of
glyphosate and Roundup on human health.

3) MarcJetal. (2002): fRIZEYF, RIXIETEH B K FHEC 7 5 P E
MNFEIR COK1/4HM A A B KIiEsh g i AE K A . Z R 3IA




FIY%h e COKUAMAER B RS KRN, BAIRSEFH S RE
S RBRE 2.

4) Marc, J et al. (2004): At a concentration that efficiently impeded the cell
cycle, formulated glyphosate inhibited the synthesis of DNA occurring in S
phase of the cell cycle. The extent of the inhibition of DNA synthesis by
formulated glyphosate was correlated with the effect on the cell cycle. We
conclude that formulated glyphosate's effect on the cell cycle is exerted at the
level of the DNA-response checkpoint of S phase. The resulting inhibition of
CDK1/cyclin B Tyr 15 dephosphorylation leads to prevention of the G2/M
transition and cell cycle progression.

4) Marc, Jetal. (2004): FH BERREIFNH] &40 R HE G2/M BB
f¥] DNA A=Y6 B

5) Marc, J et al. (2004): Roundup Biovert induced cell cycle dysfunction.
The threshold concentration for induction of cell cycle dysfunction was
evaluated for each product and suggests high risk by inhalation for people in the
vicinity of the pesticide handling sprayed at 500 to 4000 times higher dose than
the cell-cycle adverse concentration.

5) Marc, Jetal. (2004) . ARMVIEPG5EMEE 500 = 4000 f& KI5 H BEER
B S BUR PRI AE ) 4H e B AN LR 2R

6) Beuret CJ et al (2005): The present study has investigated the effects that
1% glyphosate oral exposure has on lipoperoxidation and antioxidant enzyme
systems in the maternal serum and liver of pregnant rats and their term fetuses
at 21 days of gestation. The results suggest that excessive lipid peroxidation
induced with glyphosate ingestion leads to an overload of maternal and fetal
antioxidant defense systems.

6) Beuret CJ etal (2005): B FTiR% Ol 1963 B R H BEAE 21 RZHH
ARG 5 A EE ) LK EREEN S HEMBRERNEH. &%
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KA, BAEHBERIRERSEL, FBOTHZF &I LTSI
HARGITE.

7) Richard S et al. (2005): We tested the effects of glyphosate and Roundup
at lower nontoxic concentrations on aromatase, the enzyme responsible for
estrogen synthesis. The glyphosate-based herbicide disrupts aromatase activity
and mRNA levels and interacts with the active site of the purified enzyme, but
the effects of glyphosate are facilitated by the Roundup formulation in
microsomes or in cell culture. We conclude that endocrine and toxic effects of
Roundup, not just glyphosate, can be observed in mammals. We suggest that the
presence of Roundup adjuvants enhances glyphosate bioavailability and/or
bioaccumulation.

7) Richard Setal. (2005) FEWF.ZHYIH AT ALER 25 H BEBR B R L
KA EEEEE, MBEEHBENASTBTIREZEREmH. 3]
WARIE BRI T BB BRI AW T SRS A B E .

8) Oliveira AG et al. (2007): The exposure to the herbicide resulted in
alterations in the structure of the testis and epididymal region as well as in the
serum levels of testosterone and estradiol, with changes in the expression of
androgen receptors restricted to the testis. The harmful effects were more
conspicuous in the proximal efferent ductules and epididymal ducts, suggesting
higher sensitivity of these segments among the male genital organs. The effects
were mostly dose dependent, indicating that this herbicide may cause disorder
in the morphophysiology of the male genital system of animals.

8) Oliveira AG etal. (2007): #efphi B H BERR E1E BNt 8 -5 B 28 X 45K
MIEREE, BEA T METEABER G RERKE, R T 2
BEZGPRE. EHERNDRENMEENRESEEREEYM, R
B e A T A% X B IR A 0 B H B EE R BUR . &R R B A B AR
KA BERER T SR R AT IERESE KW




9) Dallegrave E et al. (2007): The results showed that
glyphosate-Roundup did not induce maternal toxicity but induced adverse
reproductive effects on male offspring rats: a decrease in sperm number
per epididymis tail and in daily sperm production during adulthood, an
Increase in the percentage of abnormal sperms and a dose-related decrease
In the serum testosterone level at puberty, and signs of individual
spermatid degeneration during both periods. There was only a vaginal
canal-opening delay in the exposed female offspring. These findings suggest
that in utero and lactational exposure to glyphosate-Roundup may induce
significant adverse effects on the reproductive system of male Wistar rats
at puberty and during adulthood.

9) Dallegrave E etal. (2007) : FAFREGRRH, EHBERERRERSE
FRMER SN, HENESEEAERTASEHELEYW. RFREREN
B TFHRESERETT4AERELD . BRERETFE L, EATEY
J& M SRR KA 5B H BB KD, RNERHER I
BT BIER. FAERFAKKEIRAEFEITEER. XERINEH,
T5 5P 5 B RR TR K FT BE X M AT N B T 5 BER
MrRMAEERGEREEHELMN.

10) Nora Benachour et al. (2009): We have evaluated the toxicity of four
glyphosate (G)-based herbicides in Roundup (R) formulations, from 105 times
dilutions, on three different human cell types. This dilution level is far below
agricultural recommendations and corresponds to low levels of residues in food
or feed. The formulations have been compared to G alone and with its main
metabolite AMPA or with one known adjuvant of R formulations, POEA.
HUVEC primary neonate umbilical cord vein cells have been tested with 293
embryonic kidney and JEG3 placental cell lines. All R formulations cause total
cell death within 24 h, through an inhibition of the mitochondrial succinate
dehydrogenase activity, and necrosis, by release of cytosolic adenylate kinase
measuring membrane damage. They also induce apoptosis via activation of




enzymatic caspases 3/7 activity. This is confirmed by characteristic DNA
fragmentation, nuclear shrinkage (pyknosis), and nuclear fragmentation
(karyorrhexis), which is demonstrated by DAPI in apoptotic round cells. G
provokes only apoptosis, and HUVEC are 100 times more sensitive overall at
this level. The deleterious effects are not proportional to G concentrations but
rather depend on the nature of the adjuvants. AMPA and POEA separately and
synergistically damage cell membranes like R but at different concentrations.
Their mixtures are generally even more harmful with G. In conclusion, the R
adjuvants like POEA change human cell permeability and amplify toxicity
induced already by G, through apoptosis and necrosis. The real threshold of G
toxicity must take into account the presence of adjuvants but also G metabolism
and time-amplified effects or bioaccumulation. This should be discussed when
analyzing the in vivo toxic actions of R. This work clearly confirms that the
adjuvants in Roundup formulations are not inert. Moreover, the proprietary
mixtures available on the market could cause cell damage and even death
around residual levels to be expected, especially in food and feed derived from
R formulation-treated crops.

10) Nora Benachour et al. (2009) X %H Bk & H EER WY AMPA, DL
FREH BERIMBREFREC T EERHEH] POEACREE R, MR 10 I,
T =EMAR R AR TS, XERRBKT, Tl TR AH#EE
HI7KF,  FF%F T8 i B TR o B SR B KK . =R A\ SR4HR 7
AR LGBk 40H . 293 ER4IE JEG3 IERARR. AR
HBERIEC T 7E 24 /N IS BUFTR 4B 1, S8 ] SR AR R B MR A S
W, USRI R o R B R B AR B4 R BUAE . B
CREHIEBERARE 37 EHBR AT B R 4 T,
TP # Bk P Bz 4H . (HUVEC) FERXANKFE I 100 FESUR. FERNE
EHBEREARIS, FEIERTREFFEERRER. EHBEAREY
AMPA 5 POEA (EHBERRENEITT HHRENEMEND ,» 275 8RR
FEERIMERN, BEHBE—, RGYRE, ER&EEAFRRK
EREEH. ENSEHB-ENRBESYRETEEER. 5k, 4 POEA




RN, SRR RS ENE, UHTSRET R ERER
BEFRRIEE. EHBERENRE, DIERBEENREEN, TBHER
EH B REBORNEEMEREM . T3 LR EHBRE
7, BUEESIEH BN TR R SRR EKT, %GR REt
PAZFET,

11) Gasnier C et al. (2009): Glyphosate-based herbicides are the most widely
used across the world; they are commercialized in different formulations. Their
residues are frequent pollutants in the environment. In addition, these herbicides
are spread on most eaten transgenic plants, modified to tolerate high levels of
these compounds in their cells. Up to 400 ppm of their residues are accepted in
some feed. We exposed human liver HepG2 cells, a well-known model to study
xenobiotic toxicity, to four different formulations and to glyphosate, which is
usually tested alone in chronic in vivo regulatory studies. We measured
cytotoxicity with three assays (Alamar Blue, MTT, ToxiLight), plus
genotoxicity (comet assay), anti-estrogenic (on ERalpha, ERbeta) and
anti-androgenic effects (on AR) using gene reporter tests. We also checked
androgen to estrogen conversion by aromatase activity and mRNA. All
parameters were disrupted at sub-agricultural doses with all formulations within
24h. These effects were more dependent on the formulation than on the
glyphosate concentration. First, we observed a human cell endocrine disruption
from 0.5 ppm on the androgen receptor in MDA-MB453-kb2 cells for the most
active formulation (R400), then from 2 ppm the transcriptional activities on
both estrogen receptors were also inhibited on HepG2. Aromatase transcription
and activity were disrupted from 10 ppm. Cytotoxic effects started at 10 ppm
with Alamar Blue assay (the most sensitive), and DNA damages at 5 ppm. A
real cell impact of glyphosate-based herbicides residues in food, feed or in the
environment has thus to be considered, and their classifications as
carcinogens/mutagens/reprotoxics is discussed.

11) Gasnier C etal. (2009) B HBEAEREHBEEHST LR Z4EH.




BARRBRAREFERERTREEY . b, XEREREBRFEEIRA
BERANZREREY, XEREYERE DA RKFRXEES .
bRk R BENRIE 400 ppm ZRE . AR HepG2 4Uf 2B 7 7 &
AV REBER BT, RATLEAKFIE HepG2 40 MRk 7 H % K H PO F
AN EECTT RRESRIHIFR o 38 AR 8 PV Ak PO T B B B R 7 AT IR
RATA=MRI 5 (Alamar Blue, MTT, ToxiLight) , L RERFM: (5
ER%) . FilEEE (X ERalpha, ERbeta) GHBEEMRE CF AR) fif
ERRNRE . RITEAFTEUEBEEES mMRNA RS R R %%k
iR 1RAREE 24 /NI AR SZ 2R MV FH IR A BB H B B L DY A 7 R
FIBIFRIBTE B TR . FERCR AR T 3 B R 257 B S U7 T SR H g
RIFIE. BERER AR MEA ST B AE MR 7 (R400)
M 0.5 ppm FJEFE MDA-MB453-kb2 400+ X HEREE ZARRIER, R)EMN
2 ppm FIEE, HepG2 4B MERER A K FiEsh 8 2I#0H] . A
10 ppm FIE&E, FHEMEEEZAESNREITFI. £ Alamar Blue k3 (&
BURKD H, M 10 ppm FIEFH K EHHFHEIER, B 5 ppm K4 DNA
th. FHEOWAEREY. FRECE I R H BRI L SC 4 i 5
ma, X EH B FABURYIBRA B A E AT TR

12) Romano RM et al. (2010): These results suggest that commercial
formulation of glyphosate is a potent endocrine disruptor in vivo, causing
disturbances in the reproductive development of rats when the exposure was
performed during the puberty period.

12) Romano RM etal. (2010) :HFFE45 R% B RNLEC 7 B 5 H BERR B
FEEAR—MEAIBKK A BTIH, FENEMNNZRNET RS
REEHTR.

13) Jayawardene, U.A et al.(2010): Glyphosate recorded the highest
percentage of malformation (69%) compared to other pesticides in 1.00 ppm
concentration. Malformations observed were mainly in the spine, such as
hunched back (kyphosis) and curvature (scoliosis), while edema and skin ulcers
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Decline in semen quality among
30,636 young Chinese men from
2001 to 2015
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Objective: To provide information of semen quality among young Chinese men in the past 15 years.

Design: Retrospective cross-sectional study.

Setting: Sperm bank.

Patient(s): A total of 30,636 young adult men who applied to be sperm donors at the Hunan Province Human Sperm Bank of China in
2001-2015 were included in the study.

Intervention(s): Physical examination and analysis of blood and semen samples.

Main Outcome Measure(s): Semen parameters, such as semen volume, sperm concentration, total sperm count, progressively motile
sperm count, sperm progressive motility, sperm morphology, and round cells.

Result(s): Many of the semen parameters showed a decreasing trend over the 15-year observation period. The sperm concentration and
percentage of sperm with normal morphology decreased from 68 x 10°/mL to 47 x 10°/mL and from 31.8% to 10.8%, respectively.
Although sperm progressive motility showed irregular variation, the progressively motile sperm count decreased from 34 x 10° to
21 x 10° over the 15-year period. Furthermore, the rate of qualified donors fell from 55.78% in 2001 to 17.80% in 2015, and the
rate for 2015 was approximately threefold lower than the corresponding rates in 2001.

Conclusion(s): The semen quality among young Chinese men has declined over a period of 15 years, especially in terms of sperm con-
centration, total sperm count, sperm progressive motility, and normal morphology. (Fertil Steril® 2017;107:83-8. ©2016 by American
Society for Reproductive Medicine.)

Key Words: Chinese young men, semen parameters, semen quality
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16110-fertility-and-sterility/posts/12173-22765

emen quality is related to the
S quality of reproductive health

and is a very important factor
that reflects male reproductive health.
In recent years, numerous reports
have indicated that the semen quality
in normal men is declining. In the early
1990s, Carlsen et al. (1) reviewed more
than 60 papers worldwide and found a
trend of decreasing sperm count and

seminal fluid volume over the past
50 years. Many researchers were skep-
tical about the results, and several re-
searchers were prompted to study
trends in their own countries. Swan
et al. (2) reviewed 101 studies in the
literature and verified that there was
indeed a decline in sperm count over
time. Likewise, Huang et al. (3) re-
viewed 115 studies from 1985 to 2009
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reporting the manual sperm counts of
23,126 healthy Chinese men and re-
ported a possible decline in the semen
concentration over that 25-year period.
Papers reported heterogeneous find-
ings, with some studies confirming a
decreasing trend in semen quality while
others did not. For example, Jorgensen
et al. (4) showed an increasing trend in
sperm concentration and total sperm
count in 4,867 young men in Copenha-
gen, Denmark. Similarly, Zhu et al. (5)
reviewed 36 papers and analyzed the
semen parameters from 2,318 healthy
Chinese men and showed no significant
decline in sperm density and semen
volume over a 13-year period. Despite
differences, several studies have re-
ported relatively poor semen quality
in their study populations (6-8), and
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very few long-term studies on the trends in semen quality
have been carried out in the same laboratory in China.

To our knowledge, no long-term studies on semen quality
in the Chinese population have been published so far. The pre-
sent study aimed to investigate whether the semen parameters
in young Chinese men have declined over the past 15 years.
To this end, we retrospectively reviewed the semen parame-
ters of a population of young adult men applying for consid-
eration as sperm donors in Hunan, China, from 2001 to 2015.

MATERIALS AND METHODS
Study Population

In this retrospective study, we reviewed the semen analysis
database of young adult men who applied to be sperm donors
at the Hunan Province Human Sperm Bank of China from
August 30, 2001, to December 31, 2015. Relevant demo-
graphic and clinical information of all of the men was
collected and analyzed. Demographic information included
age, height, weight, smoking and drinking history, and dura-
tion of abstinence. Clinical information included semen pa-
rameters and the date of semen analysis.

All donors signed informed consent forms during their
first visit to the human sperm bank, agreeing that their semen
samples or data could be used by the human sperm bank for
scientific research. The present study was approved by the
Ethics Committee of the Reproductive and Genetic Hospital
of CITIC-Xiangya (LL-SC-SG-2015-003).

Semen Analysis

A total of 71,353 specimens from 30,636 young adult men
were included in the analysis. Specimens were collected by
means of masturbation into a sterile container after 2-
7 days of abstinence. All specimens were assessed according
to the World Health Organization (WHO) 1999 recommenda-
tions (9). After liquefaction and within 1 hour of ejaculation,
the samples were analyzed for semen volume and sperm con-
centration, round cells, normal morphology, and sperm
motility (defined as WHO motility grades A, B, C, and D,
where grade A indicates fast progressive sperm, B slow pro-
gressive sperm, C nonprogressive sperm, and D immotile
sperm). Sperm morphology was evaluated by means of the
modified Papanicolaou staining method, and apart from the
normal forms, any defects in the head, midpiece, and tail
were recorded.

Criteria for Screening Sperm Donors in China

The recruitment methods for sperm donors include handing
out leaflets, conducting lectures in schools, and network pub-
licity by technicians. The screening of sperm donors is con-
ducted in strict accordance with the standard guidelines
published by the Chinese Ministry of Health in 2003. The
guidelines are as follows (10): 1) Donors must be from 22 to
44 years of age; 2) donors must have a college degree or
above, and height not less than 1.70 m; 3) donors must be
in good health, based on the results of both physical examina-
tion and psychologic evaluation by qualified doctors, and
have no familial history of genetic disease; 4) fresh semen

should have a liquefaction time of <60 minutes, sperm con-
centration >60 x 10°/mL, progressive sperm motility of
>60%, and percentage of normal morphology >30%; 5)
post-thaw semen should have a motility of >4000, >12 X
10° motile sperm, and a frozen-thaw survival rate of
=>60%; and 6) potential donors must undergo laboratory
testing to exclude individuals at high risk for sexually trans-
mitted infections and genetic diseases, including human im-
munodeficiency virus 1 and 2, hepatitis B and C, syphilis,
gonorrhea, mycoplasma, chlamydia, cytomegalovirus, Toxo-
plasma gondii, rubella virus, herpes simplex virus types 1
and 2, and karyotype analysis. If the patient tests negative
for all of the above tests and fulfills the Chinese Ministry of
Health guidelines outlined above, the donation process is
initiated and the semen samples are cryopreserved. The sam-
ples must be cryopreserved for a minimum 6-month quaran-
tine period before rescreening for HIV. The way of recruiting
and criteria for screening sperm donors have not been
changed over time.

Statistical Analysis

Because semen parameters follow markedly skewed (nonnor-
mal) distributions, unadjusted mean and median values, stan-
dard deviation (SD), and 5th to 95th percentiles were
calculated for each variable. Percentages coinciding with
WHO recommendations (1999, 2010) (9, 11) were also
calculated. The study subjects were divided into three
groups depending on the investigation periods: 2001-2005,
2006-2010, and 2011-2015. Between-group differences for
continuous variables were tested by means of the nonpara-
metric Kruskal-Wallis test. Statistical data were analyzed
with the use of the Statistical Package for the Social Sciences
(SPSS) 18.0. A P value of <.05 was considered to be statisti-
cally significant.

RESULTS
Subject Characteristics

The general demographic characteristics of the 30,636 men
(including 3,114, 10,386, and 17,136 in the 2001-2015,
2006-2010, and 2011-2015 groups, respectively) are summa-
rized in Table 1. No differences were found between the three
groups in age (P=.79), height, weight, body mass index,
abstinence times, and alcohol drinking and smoking habits
over the study period.

Semen Parameters

The semen parameters of the study subjects are described in
Table 2. As presented in the table, the semen volume and total
count were within the high-normal values (82.3% and 78.2%,
respectively, according to the 1999 WHO criteria and 89.6%
and 85.4% according to the 2010 WHO criteria). However,
the semen parameters, especially sperm progressive motility,
among a large proportion of the study subjects were below
the lower threshold of the WHO criteria. Additionally, only
50.7% of the semen samples had normal semen parameters
according to the WHO 2010 criteria. At least one parameter
in ~49.3% and 58.9% of the semen samples was below the
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TABLE 1

Demographic characteristics of participants.
2001-2005 (n = 3,114)

Mean Median Mean
Characteristic (SD) (5th-95th %ile) (SD)
Age (y) 21.6 (3.1) 21.0(19.0-24.0) 21.4(2.3)
Height (m) 1.72 (0.04) 1.72(1.66-1.80) 1.72 (0.04)
Weight (kg) 62.6 (7.0) 62.0(53.0-74.0) 62.8(8.9)
Body mass index (kg/mz) 21.1(2.0) 20.9(18.4-24.2) 21.1(5.2)
Abstinence (d) 4 4 (2-7)

Smokers (%) 7.7
Drinkers (%) 36.5

Huang. Declining semen quality in Chinese men. Fertil Steril 2016.

normal threshold value according to the WHO 2010 and 1999
criteria, respectively.

Changes in Semen Parameters

Table 3 and Supplemental Figure 1 (available online at
www.fertstert.org) present the changes in the semen parame-
ters among the study participants. The semen parameters ex-
hibited a decreasing trend over the past 15 years. The semen
volume and round cells did not significantly differ among
the three groups (P=.07 and P=.36, respectively). However,
the sperm concentration, total sperm count, and normal
sperm morphology decreased and the sperm progressive
motility showed erratic changes over the 15-year observation
period. The sperm concentration and percentage of sperm
with normal morphology were decreased from 68 x 10°/mL
to 47 x 10°/mL and from 31.8% to 10.8%, respectively,
whereas the sperm progressive motility showed irregular var-
iations, decreasing from 34 x 10°to 21 x 10° over 15 years.

Donors

As presented in Table 4, the percentage of qualified donors
also exhibited a decreasing trend over the 15-year period,
from 55.78% in 2001 to 17.80% in 2015. The percentage of

2006-2010 (n = 10,386)

2011-2015 (n = 17,136) .
Difference

Median Median among the three
(5th-95th %ile) Mean (SD) (5th-95th %ile) groups (P value)
21.0(19.0-24.00 21.9(2.8) 21.0(19.0-28.0) .79
1.72 (1.65-1.80) 1.73(0.04) 1.72(1.65-1.81) .27
62.0 (52.0-75.0) 63.8(8.3) 63.0(52.0-80.0) .53
208(182 24.6) 21.3(2.4) 21.0 (18.0-26.0) .38

3(2-7) 4 3(2-7) 46
8.2 7.9 .25
34.7 32.8 .07

qualified donors in 2015 was approximately threefold lower
than in 2001 and declined by ~40% in the past 15 years.
The main reasons for nonrecruitment was unacceptable
semen parameters (97.1%, 19,285/19,865), including low
sperm concentration (81.9%, 16,272/19,865), followed by
low sperm motility, low semen volume, azoospermia, and
hematospermia. Approximately 1.6% (319/19,865) of un-
qualified candidates tested positive for transmitted diseases,
and a minority of patients could not be recruited owing to
physical examination abnormalities and hereditary or chro-
mosomal disorders (Supplemental Table 1, available online
at www.fertstert.org).

DISCUSSION

The analysis of semen includes tests for semen volume, sperm
concentration, sperm motility, and morphology. Although
alternate tests based on more functional aspects, such as
sperm penetration, capacitation, and acrosome reaction
have been developed, semen analysis continues to be used
as the primary method to determine male fertility, and it plays
an important role in andrology. In the present study, we
screened and analyzed 71,353 specimens from 30,636 healthy
Chinese men. To our knowledge, this is the largest study
focusing on the semen quality of young men from the general

TABLE 2

Summary of semen parameters.

Normal
semen parameters
according to the

Normal
semen parameters
according to the

Percentile

1999 WHO 2010 WHO
Parameter n Mean (SD) Median 5th 25th 75th 95th recommendations (%)° recommendations (%)®
Semen volume (mL) 30,636 6(1.1) 2.3 08 1.5 3.0 4.5 82.3 89.6
Sperm concentration (million/mL) 30,636 53 4 (31.7) 500 111 35 68 93 69.7 81.9
Total sperm count (million) 30,636 127 (68) 130 13 75 198 267 78.2 85.4
Sperm progressive motility 30,476 47.5(22.1) 46 24 38 55 66 433 60.8
(@ + b) (%)
Normal sperm morphology (%) 30,476° 17.2 (8.7) 158 3.1 93 248 345 58.5 79.1

¢ Abnormal values of semen parameters were defined by the World Health Organization (WHO) recommendations (1999 and 2010). The 1999 standards: semen volume <2 mL, sperm concen-
tration <20 x 10°%/mL, sperm total count <40 x 10°, sperm progressive motility <50%, and normal morphology < 15%. The 2010 standards: semen volume <1.5 mL, sperm concentration <15 x
108/mL, sperm total count <39 x 10°, sperm progressive motility <32%, and normal morphology <4%.

® Number of sperm without azoospermia.

Huang. Declining semen quality in Chinese men. Fertil Steril 2016.
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TABLE 3

Semen quality of 30,636 young men from the general population in Hunan, China.

2001-2005 2006-2010 2011-2015 Difference
among the
Median Mean Median Median three groups
Variable Mean (SD) (5th-95th %ile) (SD) (5th-95th %ile) Mean (SD) (5th-95th %ile) (P value)
Semen volume (mL) 2.8(1.1) 3.0 (1.5-4.5) 2.6(1.1) 2.3(0.8-4.5) 2.5(1.2) 2.3(0.8-4.5) .07
Sperm concentration 68 (36) 64 (18-130) 58 (32) 60 (12-110) 47 (25) 50 (10-80) .00
(million/mL)
Total sperm count (million) 182 (69) 177 (22-338) 144 (67) 137 (9-297) 119 (74) 114 (13-236) .00
Progressive motile sperm 34 (20) 31 (7-71) 27 (19) 24 (5-55) 21 (35) 20 (1-39) .00
count (a + b) (million)
Sperm progressive motility 50.2 (17.2) 51.6 (25.0-70.8) 43.1(22.9) 44.8 (24.5-65.2) 47.1(36.2) 46.0(25.3-66.4) .04
(@ + b) (%)
Round cells (million) 0.5(0.4) 0.7 (0.1-3.0) 0.6 (0.9) 0.6 (0.1-2.0) 0.5(0.7) 0.6 (0.2-2.7) .36
Normal sperm morphology (%) 31.8 (6.4) 31.0(22.0-42.0) 20.5(7.4) 20.1(11.4-39.4) 10.8(6.7) 10.6(2.5-34.6) .00
Normal semen parameters 66.3 471 329 .00
according to the 1999 WHO
recommendations (%)
Normal semen parameters 76.7 56.5 42.4 .00

according to the 2010 WHO
recommendations (%)

Huang. Declining semen quality in Chinese men. Fertil Steril 2016.

population in China and is the first to report the long-term
semen quality trends within a single laboratory in China.
We analyzed the semen quality from 30,636 young men
from Hunan Province, China. Our findings were not in com-
plete agreement with the semen parameters observed in
several other studies in young Chinese men. The semen qual-
ity of the young Chinese men in our study was not optimal,
although the mean and median values of semen volume in
our study (2.6 and 2.3 mL, respectively) were similar to those
reported in previous studies in China (12-17). The mean sperm
concentration and total sperm count in our study (53.4 x 10°/
mL and 127 x 10°, respectively) were markedly lower than
those reported previously, ranging from 50.2-84.8 x 10°/
mL and from 124.1-206.9 x 10°, respectively. The mean
normal sperm morphology in our study (15.8%) was also

TABLE 4

Percentage of qualified sperm donors from 2001 to 2015.

New sperm Qualified Qualified
Year donors, n donors, n donors, %
2001 95 53 55.78
2002 366 193 52.73
2003 598 314 52.51
2004 803 409 50.93
2005 1,252 611 48.80
2006 1,564 718 4591
2007 2,244 1,096 48.84
2008 1,925 781 40.57
2009 2,107 979 46.46
2010 2,546 965 37.90
2011 2,628 849 32.31
2012 2,133 823 38.56
2013 3,031 1,019 33.61
2014 4,523 1,103 24.39
2015 4,821 858 17.80

Huang. Declining semen quality in Chinese men. Fertil Steril 2016.

observably lower than in some of the previous studies,
where it ranged from 9.5% to 68%. The discrepancies
between the previous studies and ours may be because
previous studies included young men with a broader age
range compared with the participants in our study. The
mean sperm progressive motility in our study (47%) was
similar to that reported in other studies in young Chinese
men. In our study, the semen parameters of only 41.1% of
the specimens were completely normal according to the
1999 WHO criteria. More recently, WHO revised the semen
reference values in 2010 by studying the semen parameter
distributions of men whose partners had a time-to-
pregnancy (TTP) of up to and including 12 months; these
new WHO criteria (2010) are lower than previous WHO
criteria (1999) (18, 19). However, even when the revised
(2010) WHO standards were used as reference, semen
parameters in only 50.7% of the study participants were all
within the normal range. A higher proportion of men in
countries had abnormal semen parameters than Chinese
men. The mean values of all semen parameters were lower
in our study than in studies in other countries in general
(4,20-23), especially regarding the mean semen volume,
which was lower in Chinese men by 0.6-1.4 mL. The
reasons for the reported differences in the semen quality
between our study and previously reported studies remain
to be understood. It is possible that geographic variations
are responsible for the observed differences in semen
quality, and these regional variations result from different
interactions among lifestyle, other environmental factors,
and genetic variations, or a combination of these factors.
Since the founding of the Human Sperm Bank, all of the
technicians working in the laboratory have received the same
training. All semen samples were analyzed by five well
trained laboratory technicians with the use of the same appa-
ratus, and efforts were made to keep the technique of semen
analysis unchanged. As such, the change in semen parameters
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can not be attributed to variations in laboratory technique or
laboratory technicians. And internal quality control measures
were performed to avoid drift over time.

The debate on declining semen quality is still ongoing
(24). In contrast to the findings of the present study,
Jorgensen et al. (4) reported that semen quality among young
Danish men from the general population of Denmark showed
an increasing trend in sperm concentration and total sperm
count from 1996 to 2010. Our study clearly indicated that
sperm concentration, sperm count, motility, and normal
morphology of sperm showed a significant and continuous
decrease over the 15-year observation period. This declining
tendency was constant throughout but was more evident
for sperm concentration. Centola et al. (25) reported a decline
in sperm count and motility among young adult men in the
Boston area during the past 10 years. Mendiola et al. (26) sug-
gested that the total sperm count and sperm concentration
may have declined in young southern Spanish men from
2001 to 2011. Similarly, Rolland et al. (27) showed an annual
decrease of 1.9% in the sperm concentration, a significant but
not quantifiable decrease in morphologically normal sperm,
and a significant increase in total motility over a 17-year
period in their study population in France. As presented in
Table 4 and Supplemental Table 1, the rate of qualified donors
showed a decreasing trend, with the main reason for nonre-
cruitment being unacceptable semen parameters. Together,
these findings indicated that semen quality showed a signif-
icant and continuous declining trend over the 15-year study
period. On the other hand, a recent comprehensive review
of the 1992 meta-analysis and subsequent reports suggested
that sperm counts are not declining (28). However, the data
reported in the present study are particularly relevant,
because the global decline in semen quality may lead to an in-
crease in the numbers of men falling into the subfertile range
in terms of semen parameters (29). Indeed, there has been an
increasing opinion that the criteria and reference ranges for
screening sperm donors in China should be reconsidered.

In the present study, we analyzed the semen quality in a
regional homogeneous population, apparently living under
the same climatic and environmental conditions. However,
the reasons for the decline in semen parameters are unclear
from the present study. Some studies (30, 31) have shown
that smoking and alcohol consumption have a negative
effect on semen parameters, but in the present study there
was no significant difference in the semen parameters
between men who smoked or drank alcohol and those who
did not over the 15 years; therefore, we speculated that
there may have been risk factors besides smoking and
alcohol consumption that affected the semen quality. Over
the past two decades, there has been a rapid pace of
economic and social change in China, and this has been
followed by increased environmental pollution, including
pollution of water, air, and food. This pollution has been
reported to have high levels that may alter men sperm
quality (32-34). Therefore, we speculated that pollution may
be one of the causes of the decline in semen quality. In
addition, nowadays, young men experience greater
psychologic stress from study, work, and emotional
problems, which also adversely affect semen quality (35).

Fertility and Sterility®

Lifestyle changes are another key factor that should not be
ignored, and an increasing number of reports have
confirmed that the widespread use of mobile phones and
wireless technologies by young men has an impact on
sperm quality. Yildirim et al. (36) indicated a negative
correlation between wireless internet and mobile phone use
duration and total sperm count. Similarly, Wang et al. (37)
found that mobile phone radiation reduces the progressive
motility and viability of human sperm and increases sperm
head defects and early apoptosis of sperm cells. In addition,
irregular living habits of young men, including staying up
late, playing computer games, and staying overnight in
bars, also can cause a decline in sperm quality (17). There is
no doubt that the reasons for the decline in semen
parameters are complex and can include factors such as
environmental pollution, increased stress, and lifestyle.
More data and statistical analyses are required to study the
risk factors for decline in sperm quality.

Limitations of the present study include the lack of ques-
tionnaire data (e.g., history of diagnosis and previous treat-
ment received) from the young adult men who participated
in this study; therefore, we can not provide strong evidence
regarding the influence of various risk factors on semen qual-
ity (4). Furthermore, our findings may not be based on a com-
munity population, because the study group was young and
with a limited age range. This study population represents
only one geographical area of China, and may not be repre-
sentative of China as a whole. More studies of this type are
needed.

This is the first study to investigate the semen quality of a
large population within the same laboratory in China over a
long observation period. Our data clearly illustrate that the
semen quality in young men in China has been declining
over the past 15 years, especially in terms of the sperm con-
centration, total sperm count, sperm progressive motility,
and normal morphology. Moreover, the percentage of quali-
fied donors also showed a decreasing trend during this time
period. Although bulk semen parameters (reflected by 95%
confidence intervals) overlap substantially throughout the
study period, overall, these findings are a serious reproductive
health warning, and further studies are warranted to confirm
the findings of this study in China and to determine the fac-
tors causing this phenomenon.
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SUPPLEMENTAL TABLE 1

Distribution of 19,865 sperm donors based on reason for exclusion.

Reason for exclusion n %

Sperm concentration <60 x 10%mL, 8,882 44.7
motility <60%

Sperm concentration <60 X 10%/mL, 7,390 37.2
motility >60%

Sperm concentration >60 x 10%mL, 2,227 11.2
motility <60%

Azoospermia 160 0.8

Semen volume <2 mL 626 3.2

Sexually transmitted diseases 319 1.6

Hereditary or chromosomal disorders 138 0.7

Physical examination abnormality 123 0.6

Huang. Declining semen quality in Chinese men. Fertil Steril 2016.
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Semen quality of 30,636 young men from the general population in Hunan, China. Semen parameters of Chinese young men from the general
population. The bars show the 5th to 95th percentiles with median lines. (A) Sperm concentration, (B) total sperm count, (C) progressive motile
sperm count, (D) sperm progressive motility, and (E) normal sperm morphology decreased during the 15-year period.

Huang. Declining semen quality in Chinese men. Fertil Steril 2016.
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P A EHBHERMHESHRRERIE 1
Study A:

Levodopafbenserazide S00/125 my daily provided satisfactory clinical outcome.

Mov Disord. 2001 May;16(3):565-8.
BENREZE, 200145 H; 16(3):565-8.

Parkinsonism after glycine-derivate exposure.

BELRIREY RS ERHEHRR

{£3% . Barbosa ER, Leiros da Costa MD, Bacheschi LA, Scaff M, Leite CC.

Source

Ve B A

Divisdo de Clinica Neuroldgica, Hospital das Clinicas da Faculdade, Medicina da
Universidade, S&o Paulo, Sdo Paulo, Brazil. egbertob@8415.com.br

ES P R AR A I PR B e A 42 2230

Abstract

WE

This 54-year-old man accidentally sprayed himself with the chemical agent glyphosate, a
herbicide derived from the amino acid glycine. He developed disseminated skin lesions 6
hours after the accident. One month later, he developed a symmetrical parkinsonian
syndrome. Two years after the initial exposure to glyphosate, magnetic resonance imaging
revealed hyperintense signal in the globus pallidus and substantia nigra, bilaterally, on
T2-weighted images. Levodopa/benserazide 500/125 mg daily provided satisfactory clinical
outcome.

Xz 54 & BETLESX B OB 7 EH B, SEORIRERREN. B 6 PG,
fhRAE T IRBUIE RS . —MAE, KRR T XNREHERRLEERE . VRIS
HBEME, MILRARE, Br FERMEIARHETRLERT T2 G EES.
B RARA 500/125 mg ZEfie% BFRLBHERA T & NB R KRR AR .
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Study B:

Arg Meuropsiquiatr. 2003 Jun;61(28):381-6. Epub 2003 Jul 28. nih,gov !
[Meuroimaging abnormalities in parkinsonism: study of five cases].

[Article in Portuguese]
da Costa Mdo D, Gongalves LR, Barbosa ER, Bacheschi LA

Clinica Meuroldgica do Hospital das Clinicas da Faculdade de Medicina da Univesidade de S3o Paulo, S40 Paulo, SP, Brasil.

Abstract

Wy'e report the brain magnetic resonance (MR) imaging abnormalities observed at the basal ganglia system of 5 patients
(2 fernale and 3 male), who fulfilled the criteria of parkinsonism. The onset of parkinsonian syndrome ranged fram 5 to 52
years old. All patients underwent MR exams with a 1.5T MK egquipment. High field T2-weighted sequences disclosed
hypersignal bilateral and symmetrically located exclusively at substantia nigra (3 cases), exclusively at globus pallidus
(1case) and simultaneously at substantia nigra, globus pallidus and nigro-strital interconnections (Tcase). For three
patients, the diagnose of secondary parkinsonism was supparted by clinical data: the first had the onset of the
symptams after the expaosure to an herbicide (glyphosate); the second after vaccination against measles; the third after
coma due to encephalitis. For the ather two patients, the onset of P3 was progressive, resembling a typical idiopathic
Farkinson's disease (PO) but the findings at the MR dimissed this initial diagnose. In this study, the contribution of
neurgimaging was crucial to recognize secondary parkinsonism though the ethiological agents could not be determined
in these patients.

Arg Neuropsiquiatr. 2003 Jun;61(2B):381-6. Epub 2003 Jul 28.
PRSI RS % . 2003 4F 6 ; 61(2B):381-6. Fk kK H . 200347 H 28 H
[Neuroimaging abnormalities in parkinsonism: study of five cases].
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{E# . da Costa Mdo D, Goncalves LR, Barbosa ER, Bacheschi LA.
Source

YR FAAL
Clinica Neuroldgica do Hospital das Clinicas da Faculdade de Medicina da Univesidade de Séo Paulo, Sao
Paulo, SP, Brasil.

ES PG R AR A I PR B e i 42 2230

Abstract

WE

We report the brain magnetic resonance (MR) imaging abnormalities observed at the basal ganglia system of 5
patients (2 female and 3 male), who fulfilled the criteria of parkinsonism. The onset of parkinsonian syndrome
ranged from 5 to 52 years old. All patients underwent MR exams with a 1.5T MR equipment. High field
T2-weighted sequences disclosed hypersignal bilateral and symmetrically located exclusively at substantia nigra
(3 cases), exclusively at globus pallidus (1case) and simultaneously at substantia nigra, globus pallidus and
nigro-strital interconnections (1case). For three patients, the diagnose of secondary parkinsonism was supported
by clinical data: the first had the onset of the symptoms after the exposure to an herbicide (glyphosate); the

second after vaccination against measles; the third after coma due to encephalitis. For the other two patients, the
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onset of PS was progressive, resembling a typical idiopathic Parkinson's disease (PD) but the findings at the MR
dimissed this initial diagnose. In this study, the contribution of neuroimaging was crucial to recognize secondary

parkinsonism though the ethiological agents could not be determined in these patients.
BARENT 5 MLEF (H=5) ARERTURIKNHILREGAE, MhiI#me
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5 EORIE:  http://www.ncbi.nlm.nih.gov/pubmed/12894271
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Study C:

4m J Epiderniol. 2007 Feb 15;165(41:364-74. Epub 2006 Moy 20, nib.gov

Pesticide exposure and self-reported Parkinson's disease in the agricultural health study.
Kamel F, Tanner C, Umbach D, Hoppin J, Alavanja M, Blair &, Cormyns K, Goldman 5, Korell M, Langston J, Ross G, Sandler D.
Mational Institute of Environmental Health Sciences, Research Triangle Park, NG 27709, USA. kamel@mail.nih.gov

Abstract

Previous studies based on limited exposure assessment have suggested that Parkinson's disease (PD) is associated
with pesticide exposure. The authors used data obtained from licensed private pesticide applicatars and spouses
participating in the Agricultural Health Study to evaluate the relation of self-reported PD to pesticide exposure. Cohort
rmembers, who were enralled in 1993-1997 | provided detailed information on lifetirme pesticide use. At follow-up in 19939-
2003, 68% of the cohort was inteviewed. Cases were defined as participants who reported physician-diagnosed PD at
enrallment (prevalent cases, n = 83) or follow-up (incident cases, n = 78). Cases were compared with cohort members
who did naot report PD (n = 79,557 at enrollment and n =55 931 at follow-up). Incident PD was associated with
cumulative days of pesticide use at enrallment (for highest quartile vs. lowest, odds ratio (OR) = 2.3, 95% confidence
interval: 1.2, 4.5; p-trend = 0.009), with personally applying pesticides maore than half the time (OR = 1.9, 95%
confidence interval: 0.7, 4.77, and with some specific pesticides (ORs = or = 1.4). Prevalent PD was not associated with
overall pesticide use. This study suggests that exposure to certain pesticides may increase PD risk. Findings for specific
chemicals may provide fruitful leads for further investigation.
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Previous studies based on limited exposure assessment have suggested that Parkinson's disease (PD) is
associated with pesticide exposure. The authors used data obtained from licensed private pesticide applicators
and spouses participating in the Agricultural Health Study to evaluate the relation of self-reported PD to
pesticide exposure. Cohort members, who were enrolled in 1993-1997, provided detailed information on
lifetime pesticide use. At follow-up in 1999-2003, 68% of the cohort was interviewed. Cases were defined as
participants who reported physician-diagnosed PD at enrollment (prevalent cases, n = 83) or follow-up (incident
cases, n = 78). Cases were compared with cohort members who did not report PD (n = 79,557 at enrollment and
n = 55,931 at follow-up). Incident PD was associated with cumulative days of pesticide use at enroliment (for
highest quartile vs. lowest, odds ratio (OR) = 2.3, 95% confidence interval: 1.2, 4.5; p-trend = 0.009), with
personally applying pesticides more than half the time (OR = 1.9, 95% confidence interval: 0.7, 4.7), and with
some specific pesticides (ORs > or = 1.4). Prevalent PD was not associated with overall pesticide use. This
study suggests that exposure to certain pesticides may increase PD risk. Findings for specific chemicals may

provide fruitful leads for further investigation.
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As a broad-spectrum herbicide employed to kill weeds, glyphosate (N-(phosphonomethyl)
glycine) is typically either sprayed to be absorbed through the leaves, injected into the trunk,
or applied to the stump of a tree, and is also used to control vegetation around transmission
towers, pipelines, water drainage channels, public squares, and streets throughout the world.
PER—FOGIERRER], FH BT A& HARAIEH R, B EREBRERIH 7 EME
R, MBI, BRENMA TR, SRARGERBEE. B8, fKE. A3
B 5IEHFHAEY)

In China, glyphosate is popularly used as a hypotoxic weed-killer in rural areas. Every year,
there are reports of acute intoxication of glyphosate due to attempted suicide or error in usage
among adults and children. [2] Symptoms in such cases are frequently reported as consisting
of digestive tract dysfunction, circulatory and respiratory failure, and liver and kidney
damage [1, 2].

EHE, EHBEERMEA—MBEHRENEBEH . SEHFREAEILERE
HARE RREHBER AT FRRE . [2] XENEAFE2ERE R EEREA
RGERWF. MBEHFEFERRGESE, RS RS, [1,2]

Neurological involvement, in particular extrapyramidal symptoms and signs including limb
rigidity and resting tremor has only been reported following a few isolated events rather than
in the setting of chronic occupational exposure [3].

MERGENZSE, THAEKDRIERSKARIESH SR, EMHILEH
SERRHRYE, ER—EHEH @R MEME R T HXFHRE3].

Here we report a patient with parkinsonism following chronic occupational exposure to
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glyphosate. A previously healthy 44-year-old woman presented with rigidity, slowness and
resting tremor in all four limbs with no impairment of short-term memory, after sustaining
long term chemical exposure to glyphosate for 3 years as a worker in a chemical factory. The
chemical plant produced a range of herbicides including: glyphosate, gibberellins, and
dimethyl hydrogen phosphate; however, the patient worked exclusively in the glyphosate
production division. She only wore basic protection such as gloves or a face mask for 50 h
each week in the plant where glyphosate vapor was generated. She frequently felt weak. Two
months before she came to our clinic, she had experienced severe dizziness and blurred
vision.

X BERATIR G —MEETNL R H B S BHeRmP BERRL. 44D, Rk
SR, E— ML FAMNRE=FEMETREE, NUKFEERIE. Bit5%
1B RE, EREMEIZEERG . IFRUT £ —RIIRER, BFEEHBE. i~
BER, 5RESRELE: AN, XABENEEHBAEHIITE. TEHR Y
BFERORBXENERRY, E-EEHBSARRIIER TR 50 M. e R
BB, RBRNERITHNH, BRI=EKFRIE. PR

After being diagnosed by the local doctor with cervical spondylosis, the patient received
treatment with DAN-SHEN (salvia) injections for one week without any improvement.

SHEAPHATHER G, SREENT —AAZ (REE), BREFEMEE.

Physical examination revealed a parkinsonian syndrome. There was no known family history
of neurological or other relevant disorders. The patient had consumed no other medications or
herbal preparations before the onset of symptoms.

SR ERR T HERREEE. BERAEMOHPHEZREMARKAREE.
ERPERITIRE, BEF ARG HME LG T ERE ELEIT

No report of parkinsonism induced by glyphosate after occupational exposure has been
published to date.

FHAT AL, BHAF KRB HEIR AR H B R & AR TR G
In 2001, Barbusa et al. reported a case resulting from spraying glyphosate in a garden without
wearing protection [3]. The patient had acute skin lesions one week after the chemical
exposure and displayed rigidity and slowness in all four limbs one month after the initial
exposure. One year later, he developed a slow resting tremor in the left hand and arm,
accompanied by impairment of short-term memory.

2001 4%, Barbusa et al i i 7E78 I H i B H BT 188 BT 37 T B i — AN 32461
[B8]. W¥EM—A)E, BERESMEEKBRE, MH, EREMEHBE—AN
KERNEHSZEE. —FF, BEALATFELABRKRETEEREERE, FRNHIR
YR VA v
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Although our patient had similar extrapyramidal symptoms, she had neither skin lesions nor
memory loss.

BATEE, REFERDBMEEIS R, MBERA KRG, WEFiLiam.

In a series of experiments, glyphosate demonstrated a wide range of toxicities for enzymes
such as cholinesterase, carboxylesterase, and glutathione S-transferase [4].

—RFFERF, EHBE R M. RREE, SHEMRTK S-HBEX LG
B2 — R BB E[4]

Recently, a case of glyphosae-surfactant induced reversible encephalopathy was reported and
it was suggested that glyphosate-surfactant could induce a prolonged but reversible
encephalopathy suggestive of acute central nervous system toxicity different from previously
reported symptoms and disorder including: nausea, vomiting, oral and abdominal pain, renal
and hepatic impairment, and pulmonary edema [5].

AAET, WE T —HEH B2 EE N R T m =), BRWEE B —R
T 5T BE 8 RSB K ELR A &, RIFFAEE — Mtk mMasEie, HE
REURTHRE FIER S RFEF AR Bl Rk, ORESEHER. BiESFRESR
B, CARK 5]

In these previous investigations [1, 3, 5], the neurotoxicity of glyphosate was suggested to be
via an excitotoxic mechanism. Unfortunately, there are to date no confirmed studies of
neurotoxicity focused on the relationship between dopaminergic neuro transmission and
glyphosate in the literature.

DARTRIX SR A [1, 3, 5], EHBEKNHESEEEEICOET —FXaE RS ES. 8
KR, B EAAE, BT ERERETZERENMAAREEHBZ KR
KB IABTF o
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Glyphosate induced cell death through apoptotic and autophagic mechanisms.
Gui s, Fan Xk, Wang HWM, Wang G, Chen SD.

Department of Meuralogy & Institute of Meurolagy, Ruijin Hospital afiiliated to Shanghai Jiao Tong University School of Medicine,
Shanghai 200025, China.

Abstract

Herbicides have been recognized as the main environmental factor associated with hurman neurodegenerative disorders
such as Parkinson's disease(PD). Previous studies indicated that the exposure to glyphosate, a widely used herbicide,
is possibly linked to Parkinsonism, however the underlying mechanism remains unclear. We investigated the neurotoxic
effects of glyphosate in differentiated PC12 cells and discovered that it inhibited viability of differentiated PC12 cells in
dose-and time-dependent manners. Furthermare, the results showed that glyphosate induced cell death wia autophagy
pathways in addition to activating apoptotic pathways. Interestingly, deactivation of Beclin-1 gene attenuated both
apoptosis and autophagy in glyphosate treated differentiated PC12 cells, suggesting that Beclin-1 gene is invokeed in the
crosstalk between the two mechanisms.

Glyphosate induced cell death through apoptotic and authophagic mechanisms
BHBEE B A authophagic L% S40MFET:
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Abstract

WE

Herbicides have been recognized as the main environmental factor associated with human
neurodegenerative disorders such as Parkinson's disease(PD). Previous studies indicated that the exposure
to glyphosate, a widely used herbicide, is possibly linked to Parkinsonism, however the underlying
mechanism remains unclear. We investigated the neurotoxic effects of glyphosate in differentiated PC12
cells and discovered that it inhibited viability of differentiated PC12 cells in dose-and time-dependent

manners. Furthermore, the results showed that glyphosate induced cell death via autophagy pathways in
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addition to activating apoptotic pathways. Interestingly, deactivation of Beclin-1 gene attenuated both
apoptosis and autophagy in glyphosate treated differentiated PC12 cells, suggesting that Beclin-1 gene is
involved in the crosstalk between the two mechanisms.

BREFEARINR S ARBESEHRRXFERHEALBUERFHXHFERRRE. B
BUHIRTSUR A, BT ZAEMAKNEHBRET, TRSHeERR GREEMELE)
KER, AT, 1ENEERIEIRATER . RAEMME PCL2 AHHF A T EH B
KEEHEIERN, RILEH BRI RO 4 77 i) oL B PC12 4H R B RE
Jo WA, BFRKISGREH, ARERTERZ I, FEHBEREED 455 RERIER
FIERARPET. AREBNE, AEHBEER MR PC12 41/, $i{L Beclin-1
ERBBHARA T RIELERERIEA, R Beclin-1 ERBVNT XFHAMHLEZ 8] K H
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Abstract

Glyphosate is the primary active constituent of the commercial pesticide Roundup®.
The present results show that acute Roundup® exposure at low doses (36 ppm, 0.036
g/L) for 30 min induces oxidative stress and activates multiple stress-response pathways
leading to Sertoli cell death in prepubertal rat testis. The pesticide increased intracellular
Ca”" concentration by opening L-type voltage-dependent Ca®" channels (L-VDCC) as
well as endoplasmic reticulum IP; and ryanodine receptors, leading to Ca® " overload
within the cells, which set off oxidative stress and necrotic cell death. Similarly, 30 min
incubation of testis with glyphosate alone (36 ppm) also increased *>Ca*" uptake. These
events have been prevented by the antioxidants Trolox® and ascorbic acid. Activated
protein kinase C (PKC), phosphatidylinositol-3-kinase (PI3K) and the mitogen-
activated protein kinases (MAPKSs), such as ERK1/2 and p38MAPK have played a role
in eliciting Ca®" influx and cell death. Roundup® decreased the levels of reduced
glutathione (GSH) and increased the amounts of thiobarbituric reactive species
(TBARS) and protein carbonyls. Also, exposure to the glyphosate-Roundup® has
stimulated the activity of glutathione peroxidase, glutathione reductase, glutathione-S-
transferase, gamma-glutamyl transferase (yGT), catalase, superoxide dismutase and
glucose-6-phosphate dehydrogenase, supporting downregulated GSH levels. Glyphosate
has been described as an endocrine disruptor affecting the male reproductive system;
however, the molecular basis of its toxicity remains to be clarified. We could propose
that Roundup® toxicity, implicating in Ca®" overload, cell signaling misregulation,
stress response of the endoplasmic reticulum and/or depleted antioxidant defenses could

contribute to Sertoli cell disruption of spermatogenesis that could impact male fertility.
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Introduction

Brazil is the world largest consumer of pesticides. This leadership might lead to
a large number of health problems for occupationally exposed workers, their families
and the environment [1]. Glyphosate [N-(phosphonomethyl)glycine] formulations are
the widely used herbicides in agriculture worldwide. Although glyphosate is described
as the primary active ingredient present in Roundup® (Monsanto Company, St, Louis,
MO), this commercial formulation has greater side effects than glyphosate alone [2-3].
Moreover, it has been demonstrated that toxic events triggered by Roundup® might be
due to the synergistic effects between glyphosate and other formulation products [4-6].
The adjuvants are considered as inert, however, the polyethoxylated tallowamine
(POEA) is toxic and could facilitate glyphosate penetration through plasmatic
membranes and consequently potentiate its action and toxicity [3,7-10]. In this context,
Mesnage et al. [11] demonstrated POEA as one of the active ingredients of Roundup®
formulations inducing human toxicity, triggering necrosis by disrupting cell membranes
around its critical micellar concentration, rather than glyphosate that leads to apoptosis.
Moreover, previous studies have supported the possibility that mixtures of glyphosate
and surfactant can aggravate cellular damage, inducing cell death [4-6,8,9,12-17]. Also,
the surfactant nonylphenol, an important environment contaminant, alters Ca**
homeostasis and leads to Sertoli cell apoptosis [18]. Glyphosate alone or Roundup®,
were found to induce significant changes in cellular antioxidant status leading to
glutathione depletion, enzymatic disorders, and increased lipid peroxidation in

keratinocytes [14,19].



The cytotoxicity provoked by several toxic agents is associated with loss of
intracellular Ca?* homeostasis. The imbalance in Ca** physiology is believed to be
associated with misregulation of Ca?* intracellular stores and/or increased permeability
of the biomembranes to this ion. Intracellular Ca?* overload can underlie mitochondrial
dysfunctions which involve several molecular events, including activation of signaling
pathways, in addition to reactive oxygen species (ROS) overproduction that could

culminate in cell death [17,20-22].

Nowadays, an important challenge concerning the deleterious effects of
pesticides in occupational exposed agricultural workers is the high prevalence of
reproductive dysfunctions observed in this population [23-26]. Glyphosate is supposed
to be specific on plant metabolism; however, side effects in animals and humans have
been claimed. In this context, glyphosate might act as an endocrine disruptor affecting
the male reproductive system, since it can lead to alterations on aromatase activity and
expression [8], estrogen-regulated genes [27] and testosterone levels [10,16]. Moreover,
Roundup®, the commercial formulation of glyphosate, disrupts spermatogenesis and
causes loss of fertility, reinforcing its toxicity to testicular cells. Also, in MA-10 Leydig
tumor cell line, Roundup® inhibits the steroidogenesis by disrupting the expression of
the StAR proteins [12]. In addition, Dallegrave and colleagues [28] have demonstrated
that glyphosate-Roundup exposure during pregnancy and lactation did not induce
maternal toxicity in Wistar rats, but, induced adverse reproductive effects on male
offspring rats including decreased daily sperm production during adulthood, increased
percentage of abnormal sperms and decreased testosterone serum level at puberty.
Conversely, the authors observe only a vaginal canal-opening delay in exposed female
offspring. Taken together, these data strongly suggest Roundup® as an endocrine

disruptor affecting mainly male reproduction. However, the precise mechanisms



underlying the effects of this pesticide on male reproductive tissue remains unclear.
Although long term toxicity of Roundup® to animal tissues has been largely described
[29], acute exposure to this pesticide is claimed to be toxic to fish [30]. Nevertheless,
little information is available on the acute toxicity of low doses of Roundup® to

mammal tissues, especially to the reproductive human male system.

ROS generation might be due to either physiological or pathological conditions.
Enzymatic and non-enzymatic antioxidants are essential to maintain the redox status
and serve as a defense against ROS [31]. In this context, when present at high levels,
ROS play an essential role in the pathogenesis of many reproductive processes,
considering their potential toxic effects to sperm quality and function. In addition,
excessive ROS generation may induce DNA damage, accelerating germ cell death and
causing decreased sperm counts. Altogether, these events could be associated with male
infertility [32-34]. Environmental contaminants are known to modulate the antioxidant
defense system and to cause oxidative stress in different species and cell types
[6,19,35,36]. Our research group has previously demonstrated that the activity of
antioxidant enzymes  (superoxide dismutase - SOD, catalase -CAT, glutathione
peroxidase - GPx, glutathione reductase - GR, and glutathione-S-transferase - GST) as
well as the reduced glutathione (GSH) levels, could be affected by endocrine diseases,
such as hypo- and hyperthyroidism, leading to oxidative stress in immature rat testis
[37], thereby showing the participation of endocrine system in the redox potential of
Sertoli cells. However, the effect of Roundup® in oxidative stress and antioxidant

defenses in the testis remains to be clarified.

Therefore, we selected acute exposure of immature rat testis to low doses of this
pesticide as a model of toxicity to the male reproductive system. In this study we

investigated the molecular basis of the toxicity of this xenobiotic, focusing on the role



of Ca*" homeostasis, misregulation of signaling pathways and oxidative damage in the

whole rat testis and in Sertoli cells in culture.

Materials and methods

Chemicals

Nifedipine, 1,2-bis(2-aminophenoxy)ethane-N,N,N’ N’-tetraacetic ~ acid  tetrakis
(acetoxymethyl ester) (Bapta-AM), N-[2-(p-Bromocinnamylamino) ethyl]-5-
isoquinolinesulfonamide (H89), (Bisindoylmaleimidine IX, 2-{1-[3-
(Amidinothio)propyl]-1H-indol-3-yl}-3-(1-methylindol-3-yl)maleimide ethanesulfonate
salt) Ro 31-8220, Trolox [(*)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic
acid], L-ascorbic acid, flunarizine, dantrolene sodium salt, Dulbecco’s modified Eagle’s
medium (DMEM), Ham’s F12 medium, penicillin, streptomycin, kanamycin and
amphotericin B, Serum Replacement 3, bovine pancreas deoxyribonuclease (DNase
type I), hyaluronidase (type I-S), trypsin, soybean trypsin inhibitor, sodium pyruvate, D-
glucose, Hepes, and sodium bicarbonate were purchased from Sigma Chemical
Company (St. Louis, MO, USA). Collagenase-Dispase and bovine serum albumin
(BSA) were from Roche Diagnostics (Indianapolis, IN). [*Ca]CaCl, (sp. act. 321
KBq/mg Ca’"), and Optiphase Hisafe III biodegradable liquid scintillation were
purchased from PerkinElmer (Boston, USA). Anti-p44/42 MAP Kinase (anti-ERK1/2),
anti-phospho-p44/42 MAP kinase (anti-phospho ERK1/2), anti p38“*™ and anti-
phospho p38MA™* antibodies were from Cell Signaling Technology, Inc. (USA). The
herbicide Roundup Original® (Homologation number 00898793) containing glyphosate

360 g/L is a commercial formulation registered in the Brazilian Ministry of Agriculture,



Livestock and Supply (Ministério da Agricultura, Pecuaria e Abastecimento — MAPA).
The Immobilon™ Western chemiluminescent HRP substrate was obtained from

Millipore. All other chemicals were of analytical grade.

Animals

Wistar rats were bred in animal house and maintained in an air-conditioned
room (about 21 °C) with controlled lighting (12 h/12 h light/dark cycle). Pelleted food
(Nuvital, Nuvilab CR1, Curitiba, PR, Brazil) and tap water were available ad /libitum.
All animals’ procedures were carried out in accordance with ethical recommendations
of the Brazilian Veterinary Medicine Council and the Brazilian College of Animal

Experimentation (Protocol CEUA/PP00471).

Primary Sertoli cell culture

Some experiments were carried out in Sertoli cells from 30-day-old Wistar rats. Rats
were killed by decapitation, testes were removed and decapsulated. Sertoli cells were
obtained by sequential enzymatic digestion as previously described by Dorrington ef al.
[39]. Sertoli cells from 30-day-old rat testis were seeded at the concentration of
650,000 cells/cm?, in 24 well culture plates (Falcon, Deutscher, Brummath, France) and
cultured for 72 h in Ham’s FI12/DMEM (1:1) medium supplemented with serum
replacement 3, 2.2 g/L sodium bicarbonate and antibiotics (50,000 IU/L penicillin, 50
mg/L streptomycin, 50 mg/L. kanamycin), fungicide (0.25 mg/L amphotericin B), in a
humidified atmosphere of 5% C0,:95% air at 32°C. Three days after plating, residual

germ cells were removed by a brief hypotonic treatment using 20 mM Tris-HCI (pH



7.2) [40,41]. Cells were washed with PBS and fresh medium Ham’s F12/DMEM (1:1)
was added. On day 5 after plating, cells were used to study the effect of Roundup® on

*Ca”" uptake and cell viability, as described below.

Bea®* uptake

Whole testis or Sertoli cells in culture from 30-day-old male rats were preincubated in
Krebs Ringer-bicarbonate (KRb) buffer (122 mM NaCl; 3 mM KCI; 1.2 mM MgSOy;
1.3 mM CaCl,; 0.4 mM KH,POy4; 25 mM NaHCO;) for 15 min in a Dubnoff metabolic
incubator at 34 °C, pH 7.4 and gassed with O,:CO;, (95:5; v/v). Further, the medium
was changed by fresh KRb and the whole testis or Sertoli cells were preincubated again
with or without channel blockers, antioxidants or kinase inhibitors during 15 min before
the pesticide addition and maintained during all the incubation period. The following
drugs were used: nifedipine (10 uM), flunarizine (1 uM), U73122 (30 uM), LY294002
(10 uM), PD98059 (30 uM), SB239063 (10 uM), BAPTA-AM (50 uM), dantrolene (50
uM), H89 (10 uM), Ro 31-8220 (20 pM), Trolox® or ascorbic acid. After that, the
medium was changed by fresh KRb with 0.1 uCi/mL *Ca*" and incubated during 30
min in the absence (control) or presence of glyphosate-Roundup® (treated groups)
ranging from 0.72 to 360 ppm (corresponding to 0.00072 to 0.360 g/L, respectively).
Extracellular *Ca’" was thoroughly washed off in a washing solution containing 127.5
mM NaCl, 4.6 mM KCI, 1.2 mM MgSO,4, 10 mM HEPES, 11 mM glucose, 10 mM
LaCls, pH 7.3 (30 min in washing solution). The presence of La*" during the washing
stage was found to be essential to prevent release of the intracellular Ca®" [42]. After
washing, tissue slices or cell cultures were digested and homogenized with 0.5 M NaOH

solution, 100 pL aliquots were placed in scintillation fluid and counted in a LKB rack



beta liquid scintillation spectrometer (model LS 6500; Multi-Purpose Scintillation
Counter-Beckman Coulter, Boston, USA), and 5 pL aliquots were used for protein

quantification as described by Lowry and colleagues [43].

Measurement of lactate dehydrogenase (LDH) activity

After incubation of the testes or Sertoli cells in the absence or presence of the —
glyphosate-Roundup® at nominal concentrations ranging from 0.72 to 360 ppm for 30
min, the incubation medium was collected for determination of extracellular LDH
activity by a spectrophotometric method. The estimation of LDH activity was carried
out by measuring the oxidation of NADH and the results were expressed as U/L/mg of

protein.

[ 14C] MeAIB accumulation

For amino acid accumulation experiments, rat testis were pre-incubated in KRb buffer
for 30 min in a Dubnoff metabolic incubator at 34 °C, pH 7.4 and gassed with O,:CO,
(95:5; v/v). The testes were then incubated in fresh KRb buffer for 60 min. ["*C]
MeAIB (3.7 kBg/mL) was added to each sample during the incubation period [44].
Glyphosate-Roundup® at 36 ppm (0.036 g/L) was added to incubation medium in the
last 30 min incubation. After incubation, the slices were lysed in NaOH 0.5 M, the
protein concentration was determined [43], 25 pL aliquots of tissue and external
medium were placed in scintillation fluid and counted in a Beckman beta liquid
scintillation spectrometer (model LS 6500; Multi-Purpose Scintillation Counter-

Beckman Coulter, Boston, USA) for radioactivity measurements. The results were



expressed as the tissue/medium (T/M) ratio: cpm/mL tissue fluid per cpm/mL

incubation medium.

Antioxidant enzyme assays

For enzymatic activity, testis from control or Roundup®-treated groups were
preincubated for 15 min in KRb buffer followed by incubation with or without 36 ppm
glyphosate-Roundup during 30 min. After incubation time, tissue was homogenized in
cold 0.1 M Tris buffer, pH 8.5 (10% homogenate w/v) to determine gamma-glutamyl
transferase (GGT) activity or in 0.2 M Tris buffer, pH 7.4 to quantify glucose-6-
phosphate dehydrogenase (G6PD) activity. Sample aliquots were saved for total protein

determinations [43].

In order to determine catalase (CAT), superoxide dismutase (SOD), glutathione
reductase (GR), glutathione peroxidase (GPx) and glutathione S-transferase (GST)
activities, after treatment with 36 ppm glyphosate-Roundup® for 30 min the testis were
homogenized in a cold buffer containing: 20 mM sodium phosphate pH 7.4, 0.1%
Triton and 150 mM NaCl (1:20 w/v). The determinations were performed using the

supernatant after centrifugation of the homogenate (5,000 g for 5 min).

a. Gamma-glutamyl transferase assay
GGT activity was measured by using the method previously described by Orlowsky
and Meister [45], using L-y-glutamyl p-nitroanilide as substrate and glycylglycine as the

acceptor molecule.



Aliquots of the tissue homogenate prepared as described above were incubated
with the enzymatic substrate. The reaction was allowed to proceed for 60 min at 37 °C
and the enzymatic reaction was stopped by addition of acetic acid. The absorbance of
the samples was determined in a plate reader (Tecan Infinite® 200 PRO) at 530 nm.

The results were expressed as U/L/pug protein.

b. Glucose-6-phosphate dehydrogenase assay

For measuring the G6PD activity, aliquots of tissue homogenate were incubated
in the presence of NADP' leading to the oxidation of glucose-6-phosphate to 6-
phosphogluconate. The NADPH produced was measured in a kinetic mode during 10
minutes. The results were calculated by assessing the increase of the optical density per
minute (slope) of the sample against the "slope" of standard G6PD enzyme activity. The
G6PD assay kit was kindly provided by Intercientifica (Sdo José dos Campos, SP,

Brazil).

c. Catalase activity

The CAT activity was determined in tissue homogenates according to the method
described by Aebi [46], which is based on measuring the decreased absorbance in a 10
mM hydrogen peroxide solution at 240 nm for 30 seconds. The enzyme activity was

|
expressed as mmol.min .g .

d. Superoxide dismutase activity



The SOD activity was analyzed according to the method described by Misra and
Fridovich [47] and modified by Boveris ef al. [48]. The reaction is based on the
epinephrine oxidation (pH 2.0 to pH 10.2) which produces superoxide anion and
adrenochrome, which is measured at 480 nm. A unit of SOD is defined as the amount of
enzyme that inhibits the speed of oxidation of adrenalin by 50% and the result

expressed in USOD g

e. Glutathione peroxidase activity

The GPx activity was analyzed by using the method described by Flohé and Giinzler
[49]. This method is based on the tert-butyl hydroperoxide (t-BuOOH) reduction via
oxidation of GSH to GSSG, catalyzed by GPx, and subsequent regeneration of GSH by
the enzyme GR with oxidation of NADPH at 340 nm. Therefore, the rate of oxidation of
NADPH is proportional to the activity of the GPx in the sample. The enzyme activity

o1 -1
was expressed as pumol.min ".g .

/. Glutathione reductase activity

The GR activity was determined by the method of Carlberg and Mannervik [50], which
measured the rate of NADPH oxidation at 340 nm due to the formation of GSH, from
GSSG, by the action of GR present in the sample. The unit of enzyme activity was

|
expressed as pmol.min ".g .

g. Glutathione S-transferase activity



The GST activity was measured by using the methodology described by Habig et al.
[51]. In this protocol, the 1-chlore-2,4-dinitrobenzene (CDNB, as substrate for GST)
was used. In this reaction, GST promotes the CDNB-GSH conjugation. This reaction
was spectrophotometrically monitored for 60 s at 340 nm. The enzyme activity was

expressed as pmol.min '.g .

Reduced glutathione assay

The reduced glutathione (GSH) was determined according to Beutler et al. [52], using
the reagent DTNB (5,5’-dithiobis 2-nitrobenzoic acid). After being centrifuged at 5,000
g for 5 min, the supernatants from the acid extracts (TCA 12%, 1:10 w/v) were added to
2.5 mM DTNB in 0.2 M sodium phosphate buffer pH 8.0, and the formation of the
thiolate anion of yellow color was immediately measured at 412 nm. Determinations

were expressed in pmol.g .

Quantification of lipoperoxidation levels

The endogenous lipid peroxidation was evaluated in the testes by detection of
substances that react with thiobarbituric acid (TBARS), particularly malondialdehyde
(MDA), according to the method described by Bird and Draper [53]. Briefly, the
homogenate was precipitated with trichloroacetic acid (TCA 12%) followed by the
incubation with buffer 60 mM Tris—HCI pH 7.4 (0.1mM DPTA) and TBA 0.73%, at
100 °C, for 60 min. After cooling, the samples were then centrifuged (5 min. at 10,000
2) and the absorbance of the chromophore measured at 535 nm. The values were

expressed in nmol TBARS.g .



Protein carbonyl assay

The oxidative damage to proteins by carbonylation was determined by the method
described by Levine et al [54]. Soluble protein was reacted with 10 mM DNPH (2,4-
dinitrophenyl-hydrazine) in 2M hydrochloric acid for 1 h at room temperature in the
dark and precipitated with trichloroacetic acid (TCA 20%). After centrifugation (11,000
g for 5 min) the pellet protein was washed thrice by resuspension in ethanol/ethyl
acetate (1:1). Proteins were then solubilized in 6M guanidine hydrochloride in 20 mM
potassium phosphate and centrifuged at 14,000 g for 5 min to remove any trace of
insoluble material. The carbonyl content was measured spectrophotometrically at 370
nm. The total proteins concentration was determined by the method of Lowry ef al. [43]

and the protein carbonyl concentration was expressed in pmol.mg™ protein.

Western blot analysis

In some experiments testis were treated with or without 36 ppm Roundup during 30
min, then total tissue extracts were processed to Western blot analysis. Testis were
homogenized in 300 pl of a lysis solution containing 2 mM EDTA, 50 mM Tris—HCI,
pH 6.8, 4% (w/v) SDS and protein concentration was determined by the method of
Lowry et al. (1951) using serum bovine albumin as the standard. Then, samples were
dissolved in 25% (v/v) of a solution containing 40% glycerol, 5% mercaptoethanol, 50
mM Tris-HCI, pH 6.8 and boiled for 3 min. Equal protein concentrations were loaded
onto 10 % polyacrylamide gels and analyzed by SDS-PAGE and transferred to

nitrocellulose membranes for 1 h at 15 V in transfer buffer (48 mM Trizma, 39 mM



glycine, 20% methanol and 0.25% SDS). The nitrocellulose membranes were washed
for 10 min in Tris-buffered saline (TBS; 0.5 M NaCl, 20 mM Trizma, pH 7.5), followed
by 2 h incubation in blocking solution (TBS plus 5% defatted dried milk). After
incubation, the blot was washed twice for 5 min with TBS plus 0.05% Tween-20 (T-
TBS), and then incubated overnight at 4 °C in blocking solution containing the
following antibodies: anti-ERK1/2, anti-phospho ERK1/2, anti p38™FX, anti-phospho
p38MAPK (diluted 1:2000). The blot was then washed twice for 5 min with T-TBS and
incubated for 2 h in TBS containing peroxidase conjugated anti-rabbit IgG 1:2000. In
addition, we used the following controls in the antibody experiments: primary antibody
only, secondary antibody only and negative control (lacking the sample containing the
antigen of interest). These controls stated the specificity and sensibility of the antibody.
The blot was washed twice again for 5 min with T-TBS and twice for 5 min with TBS.
The blot was then developed using a chemiluminescence ECL kit. Beta-actin
immunocontent was used as protein loading. Western blots were quantified by scanning
the films and determining optical densities with an OptiQuant version 02.00 software

(Packard Instrument Company).

Statistical analysis

The results are means £ S.E.M.. When multiple comparisons were performed,
evaluation was done using one-way ANOVA followed by Bonferroni multiple
comparison test or Student ¢ test. Differences were considered to be significant when p

<0.05.



Results

Involvement of Ca’* on the mechanism of acute Roundup®-induced testis toxicity

Initially, rat testes were exposed to glyphosate-Roundup® at concentrations
ranging from 0.72 to 360 ppm, corresponding to 0.00072 to 0.36 g/L, respectively, and
¥Ca?" uptake was investigated. It is important to emphasize that Roundup is used in
agricultural working at dilutions ranging from 10,000 ppm to 20,000 ppm (10 to 20
g/L), concentrations much higher than those described in our results. Results showed
that Roundup® exposure for 30 min increased the *Ca*" uptake at doses ranging from
7.2 to 36 ppm glyphosate; however, 360 ppm Roundup® lead to an important decrease
in ©*Ca*" influx (Figure 1A). In order to investigate whether the alterations in *Ca®*
uptake were related with cell death, the LDH release from the rat testis was measured.
Interestingly, we observed an apparent link between **Ca*" uptake and LDH release at
36 ppm (0.036 g/L) Roundup® (Figure 1B). Otherwise, at the higher Roundup® dose
(360 ppm), the LDH release was higher, despite the decreased *Ca’" uptake (Figure
1B). These findings strongly suggest that necrotic cell death could be directly related to
Ca”" toxicity up to 36 ppm of the pesticide. However, at very high concentrations (360
ppm), more complex mechanisms leading to necrotic cell death in the rat testis seem to
be elicited by this xenobiotic. Therefore, in the present study, we were interested in
investigating some mechanisms underlying Ca®" toxicity in rat testis exposed to 36 ppm

Roundup®.



Mechanisms of acute Roundup®-induced Bea®* uptake: Ca**channels and signaling

pathways

The following experiments were carried out at 36 ppm Roundup®, a
concentration able to induce the peaked **Ca*" uptake and necrotic cell death. Figure 2A
shows that Roundup®-induced *’Ca®" uptake occurred through L-type voltage-
dependent Ca*" channels (L-VDCCs), as demonstrated by using nifedipine (L-VDCC
blocker). The role of the high intracellular Ca*" levels in the Roundup®-triggered **Ca*"
uptake was evidenced by using BAPTA-AM (cell permeable Ca*" quelator) and
dantrolene (inhibitor of ryanodine receptors). Co-incubation of Roundup® and each
drug was able to prevent the *Ca”" uptake, suggesting the dependence on intracellular
Ca®" levels and Ca®" releasing mediating the effects of the pesticide (Figure 2A). The
use of dantrolene allowed us to set the implication of ryanodin receptors in the
mechanism of action of Roundup®. In order to further clarify the mechanisms involved
in Roundup®-mediated Ca*" influx, the contribution of PLC, PKC and PKA to the
pesticide effect was verified by using 30 uM U73122, 20 uM Ro-31-8220 and 10 uM
H89 (PLC, PKC and PKA inhibitors, respectively). Results showed that U73122 was
able to totally prevent the effect of Roundup® on Ca*" uptake, while Ro 31-8220
partially prevented the Ca" influx, evidencing a PLC- and PKC-dependent mechanism,
respectively. On the other hand, H89 was ineffective in preventing such effect,
suggesting that PKA activation is not involved in the mode of action of this pesticide

(Figure 2B).

The participation of other protein kinases such as PI3K, and MAPKs signaling
pathways (MEK/ERK and p38MAPK) in the mechanism of action of 36 ppm
Roundup® was investigated by using the specific inhibitors: LY294002 (10 uM), PD

98059 (30 uM) and SB239063 (10 uM), respectively. The outcomes showed that all the



inhibitors used totally prevented the stimulatory effect of the pesticide on **Ca®" uptake
(Figure 2C), suggesting that the ability of Roundup® to increase **Ca*" uptake could be
associated to activation of several kinase pathways. Altogether, these findings
demonstrate a role for PLC/PKC, PI3K, ERK and p38MAPK in Ca*" influx induced by

the pesticide in rat testis.

In order to verify whether the effects observed with Roundup® could be
ascribed to glyphosate, the main active component of the pesticide, *°Ca*" uptake was
measured in the presence of 36 ppm (0.036 g/L) glyphosate (in the absence of
adjuvant/surfactant). Results showed increased *’Ca*" uptake induced by glyphosate.
Moreover, the glyphosate-induced Ca®" influx was partially prevented by nifedipine

(Figure 2 D), suggesting a role for glyphosate in the toxicity of the pesticide.

Supporting the involvement of MAPK pathway in Roundup®-induced toxicity
to testicular cells the Western blot analysis showed activated/phosphorylated ERK1/2

and p38MAPK in the prepubertal rat testis acutely exposed to pesticide (Figure 3).

Effect of antioxidants in Roundup®-induced Bea®* uptake and in cell viability

In order to verify the involvement of depleted non-enzymatic oxidative defenses
on Roundup®-induced **Ca*" uptake and necrotic cell death, the antioxidants ascorbic
acid (vitamin C) and Trolox® (stable form of vitamin E) were used. Results showed
that both antioxidants prevented the effect of the pesticide on **Ca*" uptake, suggesting
the contribution of oxidative events triggered by Roundup® in testicular cell toxicity
(Figure 4A). Moreover, Trolox® totally prevented, while ascorbic acid only partially

prevented the LDH release by Roundup® (Figure 4B). We, therefore, assessed other



biochemical parameters to better evaluate the consequences of Roundup® exposure to

the oxidative damage in rat testicular cells.

Effects of acute Roundup® exposure on biochemical parameters involved in oxidative

damage

In order to attest the oxidative damage in the Roundup®-exposed testis, some
biomarkers of oxidative damage were assessed. The content of thiobarbituric acid-
reactive substances (TBARS), which is an indicator of lipid peroxidation, was
significantly increased, as well as protein carbonyl levels, an indicator of oxidative
damage to proteins, were found in the Roundup® groups when compared to controls

(Figures 5A and 5B).

Once established the participation of oxidative events in the mechanism of
toxicity of Roundup®, we sought to determine the enzymatic and non-enzymatic
antioxidant defenses in Roundup®-treated rat testis. Results showed that exposure to the
pesticide lead to decreased GSH levels. In addition, the activities of the enzymes
involved in glutathione metabolism G6PD, GR, GPx, GST and yGT were significantly
higher in Roundup®-treated rats than in controls. Roundup®-exposed rat testis also

presented higher CAT and SOD activities (Figure 6) compared to controls.

Effect of Roundup® on neutral amino acid transport

Results showed that 36 ppm Roundup® lead to downregulation of the Na'-coupled '*C-

a-methyl-amino-isobutyric acid ('*C-MeAIB) accumulation (Figure 7).



Effect of antioxidants in acute Roundup®-induced Bea®* uptake and LDH release in

Sertoli cells

In order to investigate Sertoli cells as a target of Roundup® action within the
testis, we examined the effects of the pesticide on **Ca®" uptake and LDH release in
primary cultures. Sertoli cell cultures from 30-day old rats were exposed to Roundup®
at concentrations ranging from 0.72 to 360 ppm, and the influx of **Ca*" was measured.
Results showed that in Sertoli cells exposed to 36 ppm Roundup® for 30 min, both
Ca?" influx and LDH release were increased (Figure 8A and B). Moreover, 360 ppm
of the pesticide was able to increase *Ca’" uptake and drastically decrease LDH release
(Figure 8A and B). It is important to emphasize that according to those results obtained
in whole testis, 36 ppm Roundup® was also able to peak *’Ca’" uptake and provoke
necrotic cell death in cultured Sertoli cells. Moreover, the decreased Sertoli cell **Ca*"
uptake at 360 ppm Roundup® (Figure 8A) was also coincident with the most prominent
LDH release (Figure 8B), as previously observed in whole testis (Figure 1). These
results strongly suggest that Sertoli cells could be one of the main targets of Roundup®

toxicity within rat testis.

To evaluate the role of depleted oxidative defenses, new experiments were
carried out in cultured Sertoli cells supplemented with ascorbic acid and Trolox®.
Interestingly, in agreement with the results obtained in whole testis, Trolox® (Figure
9A and 9B) and also ascorbic acid (Figure 9C and 9D) prevented Ca”" overload and cell
death in Sertoli cells in culture. We further assayed the effects of co-incubation of
Trolox® and ascorbic acid in Roundup®-treated cells. The combination of both

antioxidants used at physiological concentrations (75 uM ascorbic acid plus 50 uM



Trolox®) prevented both Ca*" overload and necrotic cell death induced by Roundup®.
On the other hand, 150 pM ascorbic acid plus 75 pM Trolox® were able to induce a per
se effect on *Ca*" uptake and necrotic cell death. Moreover, this effect was not

modified by Roundup® exposure (Figure 9E and 9F).

Discussion

In the present study we shed light into the molecular mechanisms underlying the
acute toxicity of Roundup® in the prepubertal male reproductive system. Acute
Roundup® exposure to low doses induces L-VDCC-mediated Ca*" influx and cell
death. These events might be prevented, at least in part, by antioxidants. Activation of
Ca®" influx and necrotic cell death are dependent on PLC/PKC, PI3K and MAPK
signaling pathways. PLC/IP; pathway together with ryanodine Ca*" channels promote
Ca®" release from the endoplasmic reticulum, contributing to Ca?" overloading.
Activated enzymatic systems including SOD, CAT, GPx, GR, G6PD and GST support
the decreased GSH levels found, while yGT affects GSH synthesis/turnover from
extracellular amino acids. Depleted antioxidant defenses could underlie enhanced lipid
and protein oxidation. The oxidative damage could misregulate cell function

culminating in necrotic cell death (Figure 10).

It is important to note that the mechanisms of Roundup®-mediated toxicity in

prepubertal rat testis were dependent on the concentration of the pesticide. In this



context, Roundup® concentrations up to 36 ppm provoked Ca’" overload, redox
imbalance, disruption of cell signaling pathways and necrotic cell death in rat testis.
Otherwise, at a ten-fold higher ppm-dose (360 ppm), the mechanisms underlying
Roundup® toxicity seemed to be independent on Ca®" influx. Our data demonstrate the
complexity of the dose-dependent toxicity of this pesticide and suggest that apoptosis
could not be a response to an acute insult with low doses of the pesticide. These results
are in agreement with previous studies showing that the mechanisms of Roundup®

toxicity changed around the critical micellar concentration of the surfactants [11].

Also, it is important to note that in the present study we demonstrate that
glyphosate-Roundup® concentrations 10-folds more diluted than that recommended for
herbicide action is highly toxic for humans. Our data contribute to evidence the high
risk of handling this formulation, mainly in childhood and puberty, and the

consequences for life.

The deleterious effects of Roundup® to the endocrine system of animals have been
previously described by several researchers [12,16,28,55,56]. Also, the consequences of
glyphosate exposure to testicular physiology became recognized from initial studies
linking this herbicide with alterations in sperm quality, including decline in ejaculate
volume, sperm concentration, semen initial fructose and semen osmolality [24]. In
addition, a recent publication from Romano et al. [56] has demonstrated that glyphosate
may disturb the masculinization process and promote behavioral changes, as well as

histological and endocrine problems to male reproduction.

Our results showed that acute exposure to pure glyphosate, at the same
concentration than Roundup® (36 ppm), was able to significantly enhance *Ca**

uptake, and the mechanisms responsible for such effect seemed to involve L-VDCC.



Thus, we could propose a main role for glyphosate in Ca*" overload toxicity of
Roundup® in prepubertal rat testis; however, the possibility exists that POEA could

alter or potentiate the cytotoxicity of the glyphosate and this remains to be determined.

The Roundup®-induced Ca®" overload and cell death observed in rat testis were
mediated by L-VDCC, IPs- and ryanodine-mediated Ca”" release, clearly indicating that
disruption in Ca*" homeostasis plays a critical role in the toxic effects of this herbicide.
More than two decades ago, Olorunsogo [57] have demonstrated that glyphosate
increased mitochondrial membrane permeability to protons and Ca”", early suggesting a
mechanism of the toxic effect of this herbicide. Calcium may enter the cell through
plasma membrane channels following an extracellular signal, or be released from the
endoplasmic reticulum into the cytosol in response to intracellular messengers.
Imbalance of these events can lead to Ca*" overload, one of the earlier steps for eliciting
oxidative stress and cellular apoptosis. The normal function of the endoplasmic
reticulum is essential for Ca*" signaling, and disturbance of Ca®" homeostasis may

affect protein folding and induce endoplasmic reticulum stress [58,59].

The Ca*"-mediated Roundup® cytotoxicity in rat testis also involves the activation
of kinase cascades including PLC/PKC, PI3K, ERK1/2 and p38MAPK. These kinases
might be associated with the adaptative response to endoplasmic reticulum stress and/or
ROS generation within the testis. Eukaryotic cells respond to extracellular stimuli by
recruiting signal transduction pathways, including those involved in Ca>" homeostasis.
Signaling pathways orchestrated by MAPK family members (ERK, p38MAPK and
SAPK/JINK) have been associated with hypo and hyperthyroidism in rat testis [37,38].
However, their physiological roles and regulation are not completely understood.
Although architecturally homologous to the RassMAPK pathway, the SAPK/INK and

p38MAPK pathways are not primarily activated by mitogens, but by cellular stress



(such as oxidative stress) and inflammatory cytokines, resulting in growth arrest,
apoptosis, or activation of immune cells. Moreover, it has been suggested that
p38MAPK pathway function primarily inhibiting cell growth and promoting either
necrotic or apoptotic cell death [60]. Interestingly, under our experimental conditions,
apoptotic cell death was not associated with acute Roundup® toxicity, taking into
account that the caspase 3 activity was reduced after Roundup® exposure (results not
shown), suggesting that apoptosis could not be a response to an acute insult at low doses
of the pesticide. Also, hyperphosphorylation of p38MAPK may activate the nuclear
factor erytroid 2-related factor 2 (NRF2), a ROS-activated signal transduction molecule,
which can modulate genes encoding the enzymes involved in the antioxidant defense
system. Increased p38MAPK phosphorylation associated with shift of NRF2 into the
nuclear fraction as well as modulation of antioxidant and proinflammatory signaling

pathways were recently demonstrated in Sertoli cells [61].

The pro-oxidant potential of long term exposure to Roundup® has been largely
demonstrated in different non-target organisms, such as fish [62,63] and mammals,
leading to hepatotoxicity, nephrotoxicity, lipid peroxidation, and genotoxicity [64].
Also, exposure of a human keratinocyte cell line to glyphosate for 30 min to 24 h
evidenced cytotoxic effects, concomitant with oxidative disorders [65]. Accordingly,
supplementation with vitamin C or E decreased lipid peroxidation in Roundup®-treated
keratinocytes [14,19], as well as after exposure to other organophosphate pesticides
[66]. In line with this, we found that ascorbic acid (vitamin C) and Trolox® (an
analogue of vitamin E) abolished the Roundup®-induced Ca*" influx and necrosis in the
testis and in Sertoli cells in culture corroborating a role for depleted antioxidant

defenses in the Roundup® cytotoxicity.



The Sertoli cell antioxidant system is characterized by relatively high activity
of SOD, CAT, GPx, GST, GR, yGT, catalase and intracellular GSH levels
[37,38,67,68]. The induction of oxidative stress in testicular cells by Roundup® was
confirmed by decreased GSH levels accompanied by increased TBARS and protein
carbonyl contents, indicating a potential risk for oxidative damage in Roundup® treated
testis, linking our findings with ROS overgeneration and oxidative damage.
Enhancement of TBARS levels by Roundup® in rat testis, suggests lipid peroxidation, a
process of oxidative degradation of polyunsaturated fatty acids resulting in impaired
membrane structure and function. Levels of lipid peroxidation and protein carbonyls,
indicating possible damage to lipids and proteins, respectively, may be used as
biomarkers of herbicide exposure [35,69,70]. Therefore, TBARS and protein carbonyls
could be due to the concomitant increase in ROS generation and depleted antioxidant

defense systems in Roundup® treated testicular cells.

In line with this, pesticide exposure induced the enzymatic activities of GPx, GR,
GST, GGT, CAT, SOD and G6PD that could support GSH depletion. GSH plays an
essential role in the testis, providing a defense system against oxidant agents. The
complex redox system of GSH consists of GPx, GR, GST and yGT. The redox cycling
of oxidized glutathione is catalyzed by GR, whereas the supply of NADPH, a major
reducing agent for this redox cycling, is provided by G6PD activity [31]. Moreover,
GSH conjugates xenobiotics by generating a biotransformation product through a
reaction catalyzed by GST [31,71-73]. Considering that this GSH conjugation is one of
the first steps in xenobiotic detoxification, the GSH depletion observed in our
experimental conditions may be a consequence of its consumption by GST activation.

Glutathione metabolism can also be modulated by the ecto-yGT, which breaks it down,

generating a y-glutamyl amino acid and cysteinyl-glycine to the GSH synthesis. Thus,



vGT causes the degradation of extracellular GSH to provide cells with substrates for de
novo GSH synthesis [31]. Our results are in agreement with previous studies reporting a
GSH depletion in response to other pesticides and herbicides in different cellular

populations, in vitro [14,74,75], and in vivo [76].

Moreover, the membrane-bound enzyme yGT may be used as a biomarker of
Sertoli cell toxicity. Also, testicular cell exposure to the pesticide Roundup® stimulated
the activity of other antioxidant enzymes such as CAT and SOD. CAT and GPx are
both involved in removing H,O,; however, they must co-operate with other defense
systems such as SOD, to render the cells more resistant to oxidative damage [31,77,78].
Taking into account these findings, alterations in the activity of the enzymes involved in
GSH metabolism induced by Roundup® may reflect a declined cellular defense against
oxidative damage within the testis. Alterations in such antioxidants have been used as
an index of unbalanced ROS generation and oxidative stress in physiological systems

[79].

The enzyme yGT is primarily involved in metabolizing extracellular GSH,
providing precursor amino acids to be assimilated and reutilized for intracellular GSH
synthesis [80]. However, although the yGT activity was increased in Roundup®-treated
testis, results showed low cytoplasmic GSH levels, which were probably due to
downregulation of the Na'-coupled '*C-MeAIB accumulation in testicular cells. It is
feasible that the decreased '*C-MeAIB uptake could diminish the amino acid
availability for GSH de novo synthesis. Therefore, the decreased GSH levels after
exposure to Roundup® might be due either to its consumption by conjugation via GST

activity and/or to its decreased synthesis/turnover.



Conclusion:

Recent reports demonstrate that many currently used pesticides have the
capacity to disrupt reproductive function in animals. Although this reproductive
dysfunction is typically characterized by alterations in serum steroid hormone levels,
disruptions in spermatogenesis, and loss of fertility, the mechanisms involved in
pesticide-induced infertility remain unclear. Particularly, the herbicide Roundup® has
been described as environmental endocrine disruptor by inhibiting the steroidogenic
acute regulatory (StAR) protein expression in Leydig cells (Walsh et al 2000).
Interestingly, glyphosate alone did not alter steroid production, indicating that at least
another component of the formulation is required to disrupt steroidogenesis [12]. Our
present findings shed light into additional mechanisms beyond the classical ones, which
can contribute for understanding the possible effects of glyphosate/Roundup on the
decline of male reproductive functions. We suggest that Ca*"-mediated toxicity,
oxidative imbalance and disrupted signaling mechanisms seem to underlie the acute
exposure to low doses of glyphosate-Roundup® in prepubertal rat testis, being the
Sertoli cells one of the targets for this pesticide. Considering that normal onset of
spermatogenesis depends on Sertoli cell function to support and nourish germ cells, the
impairment of these cells may affect male fertility. Altogether, the Ca*’-mediated
disturbances by glyphosate/Roundup® in rat testicular cells around 36 ppm, at levels
below those to which people working with this herbicide are typically exposed, could
contribute to the reproductive outcomes induced by this formulation observed in male

agricultural workers exposed to this pesticide in prepubertal age.
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Legends

Figure 1. Dose-response curve of Roundup® on BCa? uptake (A) and on LDH release
(B) on immature rat testis. Rat testis were pre-incubated for 15 min and then incubated
in the presence of 0. mCi/mL of **Ca® with or without Roundup® at different
concentrations: 0.72 to 360 ppm, corresponding to 0.00072 to 0.36 g/L . Values are
means = S.E.M. of § animals. *p < 0.05, **p < 0.01, ***p < 0.001 compared with

control group.

Figure 2. Involvement of calcium channels (VDCCs), intracellular calcium levels and
kinase pathways on *Ca®" uptake in immature rat testis. Testes were pre-incubated for
15 min with or without 10 pM nifedipine (L-VDCC blocker), or 50 uM Bapta-AM
(intracellular calcium chelator), or 50 uM dantrolene (ryanodine calcium channel
blocker) (A), or 10 pM H89 (PKA inhibitor), or 10 pM U73122 (PLC inhibitor), or 20
uM RO 31-8220 (PKC inhibitor) (B), or 10 uM SB 239063 (p38 MAPK inhibitor), or
10 uM LY 294002 (PI3K inhibitor) or 10 uM PD 98059 (MAPK inhibitor) (C). After
that, the testes were incubated with or without 36 ppm (0.036 g/L.) Roundup® (A, B and
C) for 30 min (incubation) in the presence of 0.1 mCi/mL of **Ca*". Instead of
Roundup®, testes were incubated with glyphosate (0.036 g/L) after pre-incubation with
10 uM nifedipine (D). Values are means = S.E.M. of 8 animals expressed as percentage
of control. *p < 0.01 compared with control group. “p < 0.01 compared with Roundup®

or glyphosate group.



Figure 3. Effect of Roundup® on ERK1/2 (A) and p38™4X (B) activation in rat testis.
After 15 min pre-incubation, rat testes were incubated with Roundup® (36 ppm or
0.036 g/L during 30 min). Tissue was lysed and the total and phosphorylated levels of
ERK1/2 and p38™*™ were determined by Western blot. Data are reported as means

SEM of 6 animals in each group and expressed as % of control. Statistically significant
differences as determined by one-way ANOVA followed by Tukey-Kramer multiple
comparison test are indicated: ***P<(0.0001 compared with control group.
Representative immunoblots were shown in the insets. P-ERK = phospho-ERK; Pp38 =

phospho-p38.

Figure 4. Involvement of oxidative stress on Roundup®-induced *’Ca*" uptake and cell
death in rat testis. Testes were pre-incubated for 20 min in the presence or absence of
the antioxidants 100 pM Trolox® or 100 uM ascorbic acid. After that, the tissue was
incubated with or without 36 ppm or 0.036 g/LL Roundup® plus the antioxidants for 30
min. Data are reported as means £ SEM of 8 animals in each group and expressed as %
of control. Statistically significant differences from controls, as determined by one-way
ANOVA followed by Bonferroni multiple comparison test are indicated: *P< 0.05 and

“P< 0.01 compared with control group. “P< 0.05 compared with Roundup® group.

Figure 5. Effect of Roundup® on lipid peroxidation and protein carbonyl levels in
immature rat testis. Testis were incubated in the presence or absence of 36 ppm or 0.036
g/L Roundup® for 30 min. Data from thiobarbituric acid-reactive substances (TBARS)

measurement of lipid peroxidation and protein carbonyl levels are reported as means =+



S.E.M. of 6 animals from each group. Statistically significant differences from controls,

as determined by Student's 7 test, are indicated. *P<0.01, ***P<0.0001.

Figure 6. Effect of Roundup on glutathione levels (GSH) and on the activities of
glucose-6-phosphate dehydrogenase (G6PD), glutathione reductase (GR), glutathione
peroxidase (GPx), glutathione S-transferase (GST), gamma-glutamy] transferase (yGT),
catalase (CAT) and superoxide dismutase (SOD) in immature rat testis. Rat testes were
incubated for 30 min in the presence or absence of 36 ppm or 0.036 g/l Roundup®.
Data are reported as means £ S.E.M. of 8 animals from each group. Statistically
significant differences from controls, as determined by Student's ¢ test, are indicated.

*P<0.01, ***P<0.0001.

Figure 7. Effect of Roundup® on '*C-MeAIB accumulation in rat testes. Rat testes
were incubated for 30 min in the presence of 3.7 kBg/mL '*C-MeAIB 3.7 kBq/mL with
or without 36 ppm or 0.036 g/L. Roundup®. Data are reported as means = S.E.M. of §
animals from each group. Statistically significant difference from control, as determined

by Student’s t test, is indicated. *P<0.001.

Figure 8. Dose-response curve of Roundup® on *Ca*" uptake (A) and on LDH release
(B) on Sertoli cell culture from immature rat testis. Sertoli cells were pre-incubated for
15 min and then incubated for 15 or 30 min in the presence of 0.1 mCi/mL of *Ca* with

or without 36 ppm or 0.036 g/ Roundup® at different concentrations (0.72 to 360



ppm). Values are means + S.E.M. of four independent experiments. *p<0.01,

*#%p<0.0001 compared with control group.

Figure 9. Prevention of antioxidants on Roundup®-induced “*Ca*" uptake and cell
death in Sertoli cells from immature rat testis. Sertoli cells were pre-incubated for 20
min in the presence or absence of 100 uM Trolox®, or vitamin C (100 uM or 200 uM),
or vitamin C plus Trolox® (75 uM vit C + 50 uM Trolox or 150 uM vit C + 75 uM
Trolox). After that, the tissue was incubated with or without 36 ppm or 0.036 g/L
Roundup® in the presence or not of the antioxidants for 30 min. Values are means +
S.E.M. of four independent experiments. Statistically significant differences from
controls, as determined by one-way ANOVA followed by Bonferroni multiple
comparison test are indicated: *P< 0.01 and = 'P< 0.0001 compared with control group.

*P< 0.05 compared with Roundup® group.

Figure 10. Proposed mechanism of reproductive toxicity of Roundup® to Sertoli cells.
Roundup® increased intracellular Ca®" concentration by opening voltage-dependent
calcium channels (VDCC) and endoplasmic reticulum receptors (such as IP; and
ryanodine) leading to Ca® “overload within the cells, which set off oxidative stress and
cell death. Activation of Ca*" influx and necrotic cell death are dependent on PLC/PKC,
PI3K and MAPK signaling pathways. PLC/IP; together with ryanodine Ca®" channels
promote Ca** release from the endoplasmic reticulum, contributing to Ca** overloading.
Roundup® exposure induced the activity of the following antioxidant enzymes:
glutathione peroxidase (GPx), glutathione reductase (GR), glutathione-S-transferase

(GST), gamma-glutamyl transferase (yGT), catalase (CAT), superoxide dismutase



(SOD), glucose-6-phosphate dehydrogenase (G6PD). Considering that conjugation with
GSH is one of the first steps in detoxifying a xenobiotic, the GSH depletion may occur
as a consequence of its consumption by the activation of GST. The GSH metabolism
can also be modulated by the yGT, which breaks it down generating a y-glutamyl amino
acid and cysteinyl-glycine to the GSH synthesis. Altogether, these events suggest that
Roundup® compromises the Sertoli cell antioxidant defense system, probably leading
to endoplasmic reticulum stress and cell death which may affect male reproduction.

(R=Roundup®)
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Glyphosate induces human breast cancer cells growth via estrogen receptors

1. Introduction

Glyphosate, N-(phosphonomethyl) glycine, is widely used as an active ingredient of
herbicide products to control weeds in cropped and non-cropped fields around the world. In
addition, glyphosate formulations have been used extensively in genetically modified
glyphosate-resistant plants (Acquavella et al., 2004). The herbicidal activity of glyphosate is
rather specific on the targets with the inhibition of the shikimate pathway which only presents
in plants and micro-organisms (Solomon et al., 2007). Glyphosate is considered as a non toxic
herbicide because of its low LDsg (the concentration that caused 50% deaths); >4 g/kg (WHO,
1994). However, the reproductive toxicities of glyphosate have been extensively studied in both
animals and human. Up to now, the endocrine disrupting effects of glyphosate were not
observed in the in vivo but the in vitro studies and the epidemiological studies have still
conflicted in those findings due to their differences in the experimental designs, methodology
and confounding factors (Brake and Evenson, 2004; Dallegrave et al., 2007; Daruich et al.,
2001; Mandel et al., 2005; Marc et al., 2004; McDuffie et al., 2001). The synergistic effects of
glyphosate and surfactants in its herbicide formulations have been concerned especially the
endocrine disrupting activity (Richard et al., 2005). Most studies found that the adjuvants or
surfactants in most formulations were more toxic and could enhance the toxic effects of
glyphosate (Gasnier et al., 2009; Marc et al., 2004; Walsh et al., 2000). Glyphosate at
concentrations used in agriculture (21-42 mM) was found to be toxic to human embryonic and
placental cells (Benachour et al., 2007; Richard et al., 2005). Roundup®, a popular formulation
could disrupted the synthesis of hormones in the mouse MA-10 Leydig tumor cell line
(Benachour et al., 2007; Walsh et al., 2000). Glyphosate has been shown to disrupt the animal

cell cycle in urchin eggs based on its surfactant carrying in commercial formulation (Marc et



al., 2004). Recently, it was reported that at lower non toxic concentrations of Roundup and
glyphosate (< 1 ug/L), the main endocrine disruption is a testosterone decrease by 35%. Most
potential adverse health effects were reported on the commercial glyphosate formulations. The
expression of estrogen-regulated genes relating to tumor formation and tumor growth in
hormone dependent human breast cancer MCF-7 cells were reported to be disrupted (Hokanson
et al., 2007). Furthermore, synergistic effects between glyphosate and estrogen (17 S-estradiol
or E2) have been demonstrated. Glyphosate was reported to have a disrupting effect on estrogen
receptor alpha (ERo) and beta (ERP) transcriptional activities in HepG2 cells transiently
transfected with ERE-TK-Luciferase and androgen receptor (AR) in MDA-MB453-kb2 cells
(Gasnier et al., 2009). These toxic effects were reported to be more frequent with glyphosate-
based herbicides than that with glyphosate alone.

This present study aims to evaluate the estrogenic effects of glyphosate alone at the range
of concentrations that has been reported in environmental conditions and exposed human.
Estrogenic and/or antiestrogenic effects of glyphosate were investigated and compared with
endogeneous estrogen in the estrogen dependent human breast cancer cells T47D. Since
glyphosate-based herbicides have been used intensively in soybean cultivation and soybean also
contains the phytoestrogen, genistein, the interactive effects of these two compounds were also

studied.

2. Materials and Methods

2.1 Chemicals and reagents



Glyphosate (>98%) was purchased from AccuStandard (New Haven, CT, USA). 17p-estradiol
(E2) was obtained from Sigma-Aldrich (St. Louis, MO, USA). ICI 182780 and genistein was
purchased from Tocris Bioscience (Ellisville, MS, USA). All the other reagents and chemicals

were of analytical grade and obtained from commercial sources.

2.2 Cell lines and culture conditions

A hormone-dependent human breast cancer, T47D, a stably ERE-luc construct transfected
hormone-dependent breast cancer, T47D-KBluc, and a hormone-independent human breast
cancer, MDA-MB231, were purchased from the American Type Culture Collection (ATCC)
(Rockville, MD, USA). T47D and T47D-KBluc cells" were maintained in recommended
standard medium of RPMI 1640 supplemented with 10% fetal bovine serum (FBS) (JR
Scientific, Woodland, CA, USA), 4.5 g/L.D-glucose, 1 mM sodium pyruvate, 2 mM
glutamine, 100 U/mL penicillin/ streptomycin (P/S) and 8 mg/L insulin. MDA-MB-231 cells
were cultured in DMEM supplemented with 10% FBS, 2 mM glutamine, 100 U/mL penicillin/
streptomycin (P/S) and 1% non-essential amino acid. All cells were cultured in a humidified
incubator with 5%CO,and 95% air at 37 °C. Culture medium and supplements were purchased

from Gibco-Invitrogen Life Technology (Carlbad, CA, USA).

2.3 In vitro estrogen receptor activation-reporter assay

In order to study the estrogenicity and/or antiestrogenicity effect of glyphosate, the T47D-
KBluc cell; stably transfected with a triplet ERE (estrogen response element)-promoter-
luciferase reporter gene construct, was used in this study (Wilson et al., 2004). To minimize the
effect of estrogen in the medium, five days prior to the assay, cells were switched to grow in a
non-phenol red RPMI modified medium with a replacement of 10% FBS to 10% dextran-
charcoal treated FBS (CSS) (HyClone, South Logan, UT, USA), together with all other

supplements except penicillin/ streptomycin. One day prior to the assay, cells were seeded at



10* cells/ 100uL/well in 96-well luminometer plates (Corning Incorporated, Corning, NY, USA)
and were allowed to attach overnight. Dosing media was further modified by reduction to 5%
CSS. Media was then replaced with 100 uL/well of dosing media in which the final
concentration of glyphosate ranged from 10" to 10°® M. The same range of estradiol (E2)
concentrations was used as the positive control agonist for estrogen receptor activation. The
dosing media was used as the negative control and wells without cells were used as blank. After
24 h incubation, cells were washed with 100 pL phosphate buffered saline (Sigma-Aldrich, St
Louis, MO, USA) at room temperature, then harvested in 25 plL lysis buffer (Promega,
Madison, WI, USA). The luciferase assay was performed by injecting 50 puL of reaction buffer
(25 mM glycylglycine, 15 mM MgCl,, 5 mM ATP, 0.1 mg/mL BSA, pH 7.8) and 50 uL of 1
mM D-luciferin (Promega, Madison, WI, USA) by using microplate luminometer (SpectraMax
L, Molecular Devices, Sunnyvale, CA, USA) and fluorescent intensity was measured. The

luciferase activity was quantified as relative light units (RLU).

2.4 Cell viability MTT assay

Cell growth and  viability were tested wusing the 3-(4,5-dimetylthiazol,2-yl)-2,5-
diphenyltetrazolium bromide (MTT) (Sigma-Aldrich, St. Louis, MO, USA) reagent assay. Cells
were seeded at 10 cells/100uL/well in 96-well microtiter plates. For the E2 withdrawal
condition, cells were cultured in 10% CSS and a non phenol red RPMI medium containing all
supplemented reagents for 4-days before seeding. After 24 h incubation for the attachment, the
cells were treated with varying concentrations of E2 or glyphostae ranging from 10" to 10° M.
In the present of E2 receptor antagonist condition, E2- or glyphosate-treated cells were co-
incubation with ICI 182780 (1 and 10 nM). After 24 hr incubation period, the medium was
removed and 10 pL of MTT [Smg/mL in phosphate-buffered saline (PBS)] in 90 pL. medium
was added into each well. Cells were further incubated for 4h, then the medium was removed

and 100 pL dimetyl sulfoxide (Merck, Whitehouse Station, NJ, USA) was added to each well to



dissolve precipitated dye. The optical density was read at 570 nm / 650 nm using microplate
readers (SpectraMax Plus 384, Molecular Devices, Sunnyvale, CA, USA). Cell sensitivity to a

chemical was expressed as the % growth compared to the control (vehicle treated) cells.

2.5 Western blot analysis

Whole-cell extracts were prepared from cells treated for 6 and 24 h with 10"%, 10?, and 107 M
glyphosate and non-treated control in two medium conditions, completed medium, and
hormone-withdrawal medium by lysis of cold PBS-washed cells in lysis buffer [S0 mM Tris-
HCI (Sigma, USA), 150 mM NaCl (Sigma, USA), 1% Triton-X (Merck, USA), 1 mM EDTA
(Merck, USA), ImM sodium orthovanadate (NazVOy, Sigma, USA), 100 mM sodium fluoride
(NaF, Sigma, USA), protease cocktail inhibitor (Calbiochem, Germany) and 0.1 mM
phenylmethylsulfonyl fluoride (PMSF, Calbiochem, Germany). The lysates were then
sonicated, incubated on ice for 30 min, and supernatants were collected from centrifugation at
14,000 rpm for 30 min at 4°C. The lysates were either processed or stored at -80 °C until use.
The protein concentration .was measured using Bradford reagent (Bio-Rad Laboratories,
Hercules, CA, USA). Each lysate was aliquot for an equal amount of protein, 30 ug, before
mixing with Laemmli loading buffer (62.5mM Tris-HCI, 25% glycerol, 2% SDS, 0.01%
bromophenol red, pH 6.8, containing 5% 2-mercaptoethanol), and then boiled at 95°C for 5
min. These samples were resolved over 7.5% polyacrylamide-SDS gels using a Mini-PROTEIN
II system (Bio-Rad Laboratories, Hercules, CA, USA) and transferred to a nitrocellulose
membrane (Amersham, Arlington Heights, IL, USA) using a Mini Trans-Blot Electrophoretic
Transfer Cell (Bio-Rad Laboratories Hercules, CA). The membrane was blocked with blocking
solution (5% non-fat dry milk in 10mM Tris-HCI, pHS8.0, 160mM NacCl, and 0.05% Tween-20
(USB Corporation, Cleveland, OH, USA) for 1 h at room temperature. The membrane was
probed overnight with primary antibody (ERo 1:1000, ERB 1:1000 or Beta actin 1:10,000,

Santa Cruz Biotechnology, Santa Cruz, CA, USA). The membranes were then washed three



times, each for 10 min with Tris-Buffered Saline with 0.05% Tween-20 (TBS-T). HRP-
conjugated secondary antibodies (1:3,000, Santa Cruz Biotechnology, Santa Cruz, CA, USA)
were added to the membrane for 2 h at room temperature. The membranes were washed three
times, each for 10 min with TBS-T. Protein visualization was achieved by using an enhanced
chemiluminescence (ECL) (Amersham, Arlington Heights, IL, USA) and the emitted light was
captured on film (Kodak Co., Rochester, NY, USA). The signals on the films were quantified

using densitometer (Bio-Rad GS 710 calibrated imaging, Bio-Rad Laboratories, Hercules, CA,

USA).

2.6 Cell number counting

T47D Cells were prepared in the E2 withdrawal condition 4 days before assay. Cells were
placed into a 24 well culture plate (Corning Incorporated, Corning, NY, USA) with 10*
cells/mL/well and incubated overnight in CO; incubator to allow cells to attach. Media was
then replaced with 1 ml of treatment solution and left in CO, incubator for 72 h. Cells were
washed with 1 ml phosphate buffered saline at room temperature and then 100 uL of a trypsin-
EDTA were added to break the cells from their contacts. After trypsinization, most of the cells
were removed from contact with the plate, and floated. The cell pellets were resuspended in 900
uL of basal‘'media solution and dissociated cells by aspirating into a 5-ml syringe through a 23
12 G needle and expelling the contents. The experiment was repeated twice and an aliquot of the
cells was taken to count the number by using a counter analyzer (Z1 coulter particle counter,

Beckman Coulter, Miami, FL, USA).

2.6 Statistical analysis
Data are presented as the means + SE. Statistical significance was determined using the
Student's #-test. A two-tailed P value less than 0.05 was evaluated as a statistically significant

difference.



3. Results
3.1 Glyphosate induces T47D, hormone dependent breast cancer cell growth.

The hormone-dependent T47D and hormone-independent MDA-MB231 cell lines were
studied both in completed medium and estrogen withdrawal medium to differentiate the effects
of glyphosate from endogeneous estrogen. E2 at a concentration range from 10" - 10° M was
used as a positive control. The cell viability was observed by using MTT cell viability assay.
The results showed that T47D and MDA-MB231 cells exhibited different patterns of responses
to glyphosate (Fig.1). Glyphosate caused the proliferative effects of T47D approximately 15 —
30 % in the absence of E2 condition (Fig.1B). This effect was about a half of E2 response
which is the most potent agonist in hormone dependent ER-positive breast cancer cell.
Meanwhile, glyphosate had no effect on the growth of MDA-MB231 cells both in the absence

or presence of E2.

3.2 The proliferative effect of glyphosate is mediated via estrogen receptors.

Due to the fact that the proliferative effect of glyphosate occurred only in T47D cells in
the absence of E2 condition, it was hypothesized that ER signaling may be involved in the
glyphosate-induced proliferative effect. T47D cells were further studied using pure ER
antagonist, ICI- 182780, to inhibit the estrogen receptor mediated response. The effective
concentration (1 nM) of ICI 182780 was added to varying concentrations of glyphosate and E2
to observe its antagonistic activity. The results showed that ICI 182780 at 1 nM mitigated the
proliferative effects of both glyphosate and E2. Furthermore, higher concentration of ICI
182780 (10 nM) completely inhibited the growth promoting effects of glyphosate (Fig.2). These

results suggesting that glyphosate may produce the proliferative effect via ER.

3.3. Glyphosate induces ERE-transcription activity via estrogen receptors.



We further investigated the estrogenic effect of glyphosate on ERE-transcription activity.
T47D-KBluc cells, which stably transfected with a triplet ERE (estrogen response element)-
promoter-luciferase reporter gene construct, were treated with the proliferative concentrations of
glyphosate. The results showed that glyphosate at a concentration range from 102 to 10° M
induced ERE activation 5 to 13 fold of the control and these effects were less than abouta half
of that induced by E2 (Fig.3A). Furthermore, glyphosate co-incubation with a pure ER
antagonist, ICI 182780 exhibited the significant reduction in responses. Indeed, ICI 182780 at
the concentration of 10 nM completely inhibited ERE transcriptional activity of glyphosate
(Fig.3A). These results correlated with the earlier growth promotion study, confirming that
glyphoste at low concentrations (10"* to 10° M) produce proliferative effects in hormone
dependent breast cancer cells via ER.

Since glyphosate could induce cell proliferation and ERE activation via ER, next we
investigated the potential effects of glyphosate on endogenous E2 signaling. Cells were
coincubated with glyphosate and E2. The results revealed that glyphosate suppressed the E2-
induced ERE activation (Fig.3B). This result suggesting that in the presence of endogenous

agonist (E2), glyphosate behaves as an antagonist.

3.4. Glyphosate modulates the expression of ERo and ERf in human breast cancer cells.
We demonstrated that the induction of ERE transcription activity by glyphosate was
mediated via ERs. Next, the expression of protein that involved in the classical ERs including
ERo and ERP, were studied by using western blot technique. The results demonstrated that
glyphosate altered the levels of ERo. and ERP proteins (Fig. 4A-D). At 6 h of exposure,
glyphosate increased the levels of both ERa and ERf in a concentration-dependent manner
while at 24 h of exposure, only ERo. showed a significant induction at the highest glyphosate

concentration (10”7 M) compared to the control group. In addition, ERP protein levels were not



10

changed in glyphosate-treated group when compared to the control group after 24 h of
exposure. This result suggesting that glyphosate alters the expression of both ERo and ER in

human breast cancer cells.

3.5 Interactive effects of glyphosate and phytoestrogen genistein
3.5.1 Genistein induces T47D cell proliferation and ERE activation

The phytoestrogen, genistein, is a major isoflavone found in soybeans. Genistein has a
structure similar to E2 and displays estrogenic activity through ER signaling pathways (Seo et
al. 2006). The results showed that genistein at a concentration range 107 -10*M produced the
concentration dependently proliferative effects (104 — 170 % of the control), with the
significant effect starting from 10® M. In addition, we also found that genistein at highest
tested concentration 10° M had the inhibitory effect (Fig.5A). The results were similar to
previously described by Wang and his colleagues that genistein stimulated growth of MCF-7
cells at concentrations 10 — 10°M while higher concentrations (>10"° M) genistein inhibited
cell growth (Wang et al. 1996). Genistein also demonstrated the ability to stimulate ERE-gene
transcription activity .at the concentration range used in the cell viability study (Fig.5B).
Genistein at the concentrations of 10" — 10° M exhibited concentration dependently ERE-

activation which was aproximately 5 -25 fold of control.

3.5.2. The additive effects of genistein on glyphosate-induced ERE activation

Glyphosate is a herbicide extensively used in soybean plantations. Therefore, glyphosate
has the potential to contaminate soybean products. Thus, it is interesting to evaluate whether
there is an additive or synergistic effect of both compounds on the growth of cancer cells. The
selection of interactive concentrations between glyphosate and genistein were based on the
significant effects on the induction of ERE activity of each compound. The concentration

ranges of glyphosate and genistein inducing ERE activity more than 10 fold of control included
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10" to 10° M and 107 to 107 M, respectively. Actually, the concentration of glyphosate
residue in soybeans should be lower than of genistein. As the information of glyphosate
residues and genistein contents in soybeans were found in the range of 0.1 — 5.6 ug/g (Arregui
et al., 2004; Sharma O.P., 2009) while genistein concentrations were in the range 0.01 —1.2
mg/g (Morton et al., 1999; Murphy et al., 1999; Nakajima et al., 2005). We used this
information to set the interaction model of two compounds as possible as in a real situation. The
interactive levels used in this study correspond to the possible levels of glyphosate and
genistein in human. Setchell and Cassidy showed that consumption of 50 mg/day of isoflavones
in an adult can give rise to plasma concentrations of genistein ranging from 2.0 x 107-3.2x10°
M (Setchell and Cassidy, 1999), while glyphosate concentration in human body could be 1.8 x
10%- 1.4 x 10° M (Acquavella, J., 2004.) or less than 5.9 x 10'° M (Jauhiainena, A. et al.,
1991). According to these data, we had set the interaction model of these two compounds as
genestine ranging from 107-10° M and glyphosate ranging from 10"'-10”. The interactive
effects of glyphosate and genistein were studied by varying concentrations with fixed ratio of
both as shown in Fig.6A. The results showed the significant enhancing of ERE activation in the
combination of 10" M glyphosate with 10°M genistein and 10° M glyphosate with 10°M

genistein.

3.5.3. The additive effects of glyphosate on genistein-induced cell proliferation

To further investigate the interactive effect on cell growth of T47D cells, glyphosate and
genistein at concentrations of 10” and 107 M, respectively, were combined in E2-withdrawal
condition for 72 h incubation time and cell numbers were counted as % of control (Fig.6B).
This selected concentration was considered based on the equal effects of glyphosate and
genistein on cell proliferation which was about 140% of the control. The results revealed that
genistein at 10”7 M significantly enhanced the cell growth effect of 10° M of glyphosate up to

169% of control.
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4. Discussion

The present study provides a better understanding of possible mechanisms underlying
glyphosate toxicity in a hormone dependent human breast cancer cell. Concentrations of
glyphosate tested in this study that exhibited estrogenic activity and interfered with normal
estrogen signaling were relevant to the range of concentrations that has been reported in
environmental conditions and exposed human. The detectable concentrations in human urines
have been reported to be in the range of <0.1 - 233 ppb (<5.9 x 107>~ 1.4 x 10° M) with the
highest estimated systemic dose of 0.004 mg/kg (Acquavella et al.;2004 ; Jauhiainena et al.,
1991).

In this study, we found that glyphosate at a log interval concentration ranging from 107"
to 10® M increased the cell proliferation of a hormorne dependent breast cancer T47D cell
while this effect was not observed in a hormone independent breast cancer MDA-MB231 cell.
The ERE luciferase assay also supported that glyphosate behaved as a xenoestrogen to induce
ERE activation because these responses can be blocked by ICI 182780, an estrogen antagonist.
Although the ERs binding of glyphosate is still unknown, the ability of glyphosate to stimulate
the ERE-gene transcription activity and up-regulation of ERa protein expression suggests that
glyphosate may exert the stimulatory effects via the ER-dependent mechanism. As is known,
ERs can bind with a wide vareity of compounds with typical structures of two hydroxyl groups
separated by a rigid hydrophobic linker region and, in addition, the effective ligands possess a
phenolic hydroxyl group (Ascenzi et al., 2006). Although glyphosate structure does not totally
match, its responses observed in this study supported the contention that it acted like ligand
binding. This unknown interaction may occur in a polar pocket at ligand binding site of ERs.
Due to the hydrophilic property of glyphosate , it may access via an active phospate group. This
may affect the conformation of other domains that respond to recruit other coregulators that

differ from normal ER ligands. Furthermore, glyphosate also altered the levels of ER protein
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expression both ERa and ER in T47D cell at 6 h. The increased ratio of ERa / ERP protein in
the late stage, 24 h, corresponded to the observed proliferative effect of glyphosate. These
results supported the finding about the regulatory role of ER  in T47D cells (Sotoca et al.,
2008). They also demonstrated that the effects of estrogen like compounds on T47Dcell
proliferation were dependent on the actual ERo / ERP ratio in these cells (Sotoca et al., 2008;
Speirs and Walker, 2007). Glyphosate showed a different expression profile of ERa from those
estrogenic stimulation induced by E2 or genistein as previously described by Seo and coworker,
2006. They showed that E2 and genistein down-regulated ERa and enhanced ERE gene
expression on MCF-7 cells (Seo et al., 2006). Different cell lines have different sensitivity to
estrogen, in addition, natural estrogen and estrogen-mimicking chemicals also exert a
differential regulatory effect on ERa and ERP (Cappelletti et al., 2003). This present study
revealed that glyphosate treatment induced both ERs. However, patterns of ERa and ERf
induction by glyphosate were different. Glyphosate induced rapid activation of ER( while
activation of ERa was slower but prolonged. We hypothesized that glyphosate may behave like
weak xenoestrogen which can activate both subtypes of ER but with a different time course.

On the other hand, our finding contradicts a recent study by Gasnier and his colleagues
(Gasnier et al., 2009) who found the inhibition of the transcription activities of ERo and ERP in
HepG2 cells by Roundup® formulation, but it was not significant with pure glyphosate. This
discrepancy may be due to cell types and experimental conditions. In their study, the HepG2
cells which transiently transfected with ERE-TK-Luciferase may lack some contents making it
different from E2 targeted cells like breast cancer cells (Gasnier et al., 2009). Moreover, the
concentrations of glyphosate in their experiments were higher than in the present study (> 107
M). Most of the studies used glyphosate-based fomulation while a few studies used pure
glyphosate. Furthermore, the used concentrations were not environmentally relevant (Williams

et al., 2012). Another study showed the non-estrogenic effect of glyphosate at 10°-10* M in
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MCE-7 cells (Lin and Garry, 2000), concentration ranges which cannot be compared to our
study. However, the low concentration ranges should be taken into account due to many
substances including pesticides and natural nutrients exerting their effects at relatively low
concentrations from pico molar to micro molar (Miodini et al., 1999; Pink and Jordan, 1996;
Safe and Papineni, 2006). The present study used pure glyphosate substance at log intervals
from 10" to 10° M. These concentrations are in a crucial range which correlated to the
potential biological levels at part per trillion (ppt) to part per billion (ppb) which have been
reported in epidemiological studies (Acquavella et al., 2004; Lavy etal., 1992; Mandel et al.,
2005). In this present in vitro study, we showed as estrogenicity of pure glyphosate. However,
further in vivo study using an animal model such as a xenograft mouse model for breast cancer
will confirm the present in vitro results and provide more physiological relevant evidence.

In addition, a single agent or chemical may exhibit a weak biological activity while
mixture of compounds found environmentally could produce more noticeable effect by acting
synergistically (Singleton and Khan, 2003). In fact, it has been reported that the concentrations
of glyphosate in the environmental compartment and food chain are further increased due to
high technology of transgenic crops and fruits demonstrating high degree of tolerance to the
high levels of this compound (Solomon et al., 2007). Glyphosate-resistant soy is a popular
genetically modified crop which is now becoming normal agricultural practice, thus glyphosate
has higher possibility of getting into living organisms via the food chain through its application
(Acquavella et al., 2004; Mandel et al., 2005). It is well known that soybean contains the
phytoestrogen, genistein. Genistein acts as a weak agonist in breast tumor cells in vitro, it
competes with E2 for binding to ERa protein, and induces activity of estrogen-responsive
reporter gene constructs in the presence of ERa protein (Rajah et al., 2009). Thus, it should be
of concern whether the contaminated glyphosate in soybean can interact with genistein causing
alterations in their effects on the cellular system. In the present study, we showed that

glyphosate had an additive effect with genistein in in vitro testing model. This finding should
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raise concern about the existence of more than one xenoestrogen such as phytoestrogen and
contaminants in plant derived food which may be beneficial or harmful depending on the
hormonal and pathological status of consumers. This study implied that the additive effect of
glyphosate and genistein in postmenopausal woman may induce cancer cell growth. In. this
present in vitro study, we showed an estrogenicity of pure glyphosate.

In summary, we found that glyphosate exhibited a weaker estrogenic activity than
estradiol. Furthermore, this study demonstrated the additive estrogenic effects of glyphosate
and genistein which implied that the use of glyphosate-contaminated soybean products as
dietary supplements may pose a risk of breast cancer because of their potential additive

estrogenicity.
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Figure captions

Figure 1. Concentration-effect relationship of E2 and glyphosate on human breast cancer
T47D (A&B) and MDA-MB23lcells (C&D). Cells were treated with varying
concentrations ranging from 10" to 10° M of E2 and glyphosate. Cells viability were
compared between in completed medium (A and C) and in hormone withdrawal medium as
shown in B and D by using MTT assay at 24 h (n=3, * = p < 0.05, significantly different as

compared to control).

Figure 2. Proliferative effects of E2 and glyphosate on human breast cancer T47D cells.
T47D cells were treated with varying concentrations of E2 and glyphosate ranging from
10" to 10°® M and co-incubation with ICI 182780 (1 or 10 nM). Cells were cultured in
hormone withdrawal medium for 5 days prior treatments: The cell viability was detected by
MTT assay at 24 h. Each point was plotted from the mean value of three independent
experiments + SE as shown in the graph. (* p <0.05 significantly different as compared to

glyphosate alone).

Figure 3 The effects of 17B-estradiol (E2), glyphosate, and glyphosate coincubation with
ICI 182780 on ERE transcription activity in T47D-KBluc cells (A). Cells were cultured
in E2 withdrawal medium for 5 days before the treatment in each experiment. ICI
182780 at the concentrations 1 and 10 nM were used. The experiment was observed at
24 hours treatment (n=3, * = p < 0.05, significantly different as compared to glyphosate
alone). Glyphosate at 1nM suppressed to the E2 effects along varying concentrations (B)

(n=4, * p £0.05 significantly different as compared to glyphosate alone).

Figure 4. The effects of glyphosate on ERa and B expression. E2-withdrawal T47D
cells were used. (A) 6 hour and (B) 24 hour incubation time showed specific band of
ERa, ERP (66 kDa) and B-actin (44 kDa), a representative sample from one experiment.
Optical densities of specific band ERa and ER[} were determined from western blot and
each band was normalized to the B-actin band. The normalized mean of three replications
+ SE optical density values are shown in the histogram of ERa (C) and ER (D) with

*=p <0.05, ** = p < 0.01 significantly different as compared to control .
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Figure 5. Cytotoxicity of genistein on cell growth and ERE activation in T47D cells were
investigated in E2-withdrawal media within 24 h treatment time. Genistein exhibited the
stimulation of cell growth in the range of 10® — 10* M. by MTT assay (A) and the ERE
activation were increased in the range of 10" = 10° M (B). (n=3, * p<0.05, significantly

different as compared to control).

Figure 6. ERE-gene transcription activity of T47D-KBluc cells (A) 4in coincubation of
glyphosate (Gly) and genistein (Gen). The effects were compared between varying
concentration of genistein alone and in combination with glyphosate (Gly 10" + Gen 107
M, Gly 10" + Gen 10° M and Gly 10° + Gen 107 M). Three replications and SE were
showed in graph.( * p < 0.05, significantly different as compared to compound alone). The
effect of glyphosate and genistein on cell growth (B). Cell number of T47D cells were
counted after 3 days incubation with compound alone and coincubation treatments (n=3, p <
0.05, * significantly different as compared to compound alone, # significantly different as

compared to control).
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*Abstract

Abtract

Glyphosate is an active ingredient of the most widely used herbicide and it is
believed to be less toxic than other pesticides. However, several recent studies showed
its potential adverse health effects to humans as it may be an endocrine disruptor. This
study focuses on the effects of pure glyphosate on estrogen receptors (ERs) mediated
transcriptional activity and their expressions. Glyphosate exerted proliferative effects
only in human hormone-dependent breast cancer, T47D cells, but not in hormone-
independent breast cancer, MDA-MB231 cells, at 10 to"10®° M in estrogen
withdrawal condition. The proliferative concentrations of glyphosate that induced the
activation of estrogen response element (ERE) transcription activity were 5-13 fold of
control in T47D-KBluc cells and this activation was inhibited by an estrogen
antagonist, ICI 182780, indicating that the estrogenic activity of glyphosate was
mediated via ERs. Furthermore, glyphosate also altered both ERa and [ expression.
These results indicated that low and environmentally relevant concentrations of
glyphosate possessed estrogenic activity. Glyphosate-based herbicides are widely
used for soybean cultivation, and our results also found that there was an additive
estrogenic effect between glyphosate and genistein, a phytoestrogen in soybeans.
However, these additive effects of glyphosate contamination in soybeans need further

animal study.

Key words: glyphosate, estrogenic effect, genistein, human breast cancer, T47D,

T47D-KBluc
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Highlights

e Glyphosate at 107 t0 10°M promoted growth of T47D cells via estrogen receptors.

e Glyphosate produced the activation of ERE which can be blocked by ICI 182780.

¢ Glyphosate altered estrogen receptors by increasing expression ratio of ERo.and ERP.

e Glyphosate had an additive effect with genistein on ERE activation and cell growth.
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